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are available from both 
Maplin Electronics and 
Kanda Systems. 
Only £2.65 each. 
Call the Electronics and 
Beyond Hotline on 
01970 621039 
and order today. 
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Electronics Design Comes of Age 
Designing a ten million transistor 
processor chip is now a very complex 
task. We report on the birth and 
development of the electronic design 
automation industry. 


Monkeying Around 

Steve Waddington reports on the 
latest development of a remotely 
operated robotic arm using the brain 
of a monkey. 


20 Second Sound Recorder 
An easy project to build, these are 
solid state sound recording modules of 
between 5 and 20 seconds duration. 


improved Mobile Antenna 
Amongst fears of mobile phone 
radiation causing brain damage, 
comes a new development that has 
significantly reduced the radiation 
towards the head. Reg Miles reports. 


Research News 

Nanocrystal Quantum dot lasers could 
open the door to tuneable lasers, 
optical amplifiers and new light 
emitting diodes. Read the latest 
developments on laser action at 
nanoscale levels. 


Understanding Colour 

At one time knowiedge of colour was 
just for artists, designers and 
photographers but now engineers 
have to have a good grasp of the facts 
for graphics programming and opto- 
electronic design. Mike Bedford shows 
there 1s a bit more to colour than 
meets the eye. 


Transistor Tales Part 2 
Gregg Grant looks at early semiconductor 
theory, proposals and patents. 
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Regulars 


Fiat Screens 

Reg Miles examines the latest 
contenders for tomorrows display 
technology. 


Entangled Photons 

Smaller and faster compuler chips 
without changing existing fabrication 
techniques. A report from Reg Miles. 


RS232 to 20 port Adaptor Part 1 
From a mouse driven menu this project 
will allow you to control stepper motors, 


swilch on mains lighting and control a 
whole host of switched output options. 
Richard Grodzik explains. 


Bending Infrared light 

This new lechnique at microscopic 
scale ultimately offers the potential of 
replacing electronic chips with faster 
cooler photonic chips. It also changes 
the optical direction of signals. 


Op Amp Cookbook Part 1 


Ray Marston introduces a new beginner 
series on practical op amp circuits. This 


first part introduces the basics. 


Technology Watch 
Despile the practical problems, 


Superconductors are starting to move from 


the research lab to everyday use. The 
electrical power industry could be using 
superconducting power cables soon. 





Paula Matthews. Kanda Systems Ltd. 
Subs Hotline: (01970) 621039. 
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he race for the best flat screen technology 

is on. With so many new developments out 

there it is difficult to see which one will 
eventually become the de facto standard say for 
TV. Part of that race is determined by factors such 
as speed to market and retail price. This time 
though there may not be a ‘standard’ that wins 
through as it may be a Case of ‘the most 
appropriate technology for the job’. The 
characteristics demanded for mobile phone 
displays and head-up displays are different from 
that required for PC monitors and car dashboards 
which again might be different for TV displays and 
cinema screens. If it emerges that one particular 
type of display is extremely flexible and versatile 
on display size, resofution and current 
consumption then it could equally be incorporated 
in all of these consumer items. Our article by Reg 
Miles on flat screen technology highlights the 
current rapid developments going on. 


Superconducting power cables are now being 
constructed for use in the electrical power 
industry. Despite the practical problems of keeping 
the cables at low (liquid nitrogen} temperatures 
throughout, the benefits of zero power loss in 
transmission lines continues to make the idea of 
using these cables, an attractive one. 
Superconductivity was first discovered in the early 
part of the 20th century, but the real excitement 
began in the 1980s when higher temperature 
superconductivity was observed in exotic ceramic 
compounds. Now superconducting cables are 
being made, the first real world three phase High 
Temperature Superconductor (HTS) trial is 
expected to begin this summer in Detroit, US. 
Martin Pipe reports on this interesting 
development in Technology Watch. 


Britain’s Best Magazine for 
the Electronics Enthusiast 
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Home Network 
Technology for 2001 


Numerous early 
wireless home 
networking 
products have 
appeared in the 
last year Or so. 
however, none of 
these have fully 
met the needs of 
the home market. 

The technalogy 
Is typically 
expensive. ditficult 
to configure anc 
reception Irom 
room to raom Is 
Offen poor. 

‘lowards the second half of 
this vean products that 
incorparate technology from 
ShaureWave will be the first that 
can transmit multimedia 





wirelessly throughout the 
home at lOOMbps. 

For further details, check. 
<waw,. sSharewave. com>. 


ibrite Announces 
Availability of Palmtop- 
Publishing Software 


ilbrite has announced the 
availability of powerViewer, a 
Windows PC-based tool thiit 
converts Microsoft PowerPoint 
2000 presentations inte a 
format that can be easily 
viewed on a Palm-OS hanclhelcd 
computer. 

With powerViewer, 
presentations can be viewed in 


any location where using a 
conventional PC or hiptop 
would be impossible or 
inconventent. PowerPoint 
preseniations can he easily 
transferred via hot-syne 
connection or handheld 
beaming, of information. 

For further details, check: 
<wuw. ibrite.com>. 
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Rio 800 Completes MP3" 


The Rio 800 has joined! the Rio 600 and Nike 60 and 420 to round olf 
the Rio Fimily of portable digitul audio players. The Rie 800 offers up 
to iwo hours of music siorage, a voice recorder. rechargeable 
hurtery, remote control and works with & selection of other Rio 
cWccessories such as an FM tuner and 4 cur cassette adapter, 

For further cletails, chuck: <waw. ri ohome. com> 


ERICSSON 


en en 





he 


Ericsson ancl ICA Ahold, one of 
the Nordie region’s leading 
retuling group, have 
conducted the work!'s first 
trials with Bluetaorh wireless 
technology in retail stores. 

The purpose of the trial has 
been to test payments ancl 
payment reluted services for 


owedish 
Consumers 
Try Buying 
by Mobile 


SON 





customers and tO test 
Bluetooth wireless technology 
for communication in retail 
store environment. 

Using mobile phones 
equipped with WAP and 
Bluetooth technologies, 
custamers Rave been able to 
pay lor goods, check their 
uccoune status and tind out 
dbaut current offerings. 

Far further details. check; 
<www. ericsson, se>. 


Intel Develops Smallest, Fastest 


CMOS Transistor 


These new 
transistors, which act 
like swirches 
convolling the flow 
of electrons inside a 
nucrochip, could 
complete 400 million 
calcukitions in the 
bhink an eve or finish 
ive millon 
caleulations in the 
time it Lakes a 
specding bullet to 
travel one inch. 

SCIENTISLS EXPCel 
such powerlul 
Mivroprocessars to allow 
applications popular in science- 
Hc ion stories — such as 
instantaneous, reablime voice 


Intel researchers huve achieved! 
a significant breakthrough by 
buikling the world’s smallest 
and fastest CMOS Wwansistor. 

This breakthrough will allow 
Intel wichin the next five to 10 
years to build microprocessors 
conlaining more than 400 
million transistors, running at 
1OGIiz and Operating at less 
than one volt. 

The transistors feature a 
structure just 30 nanonictes in 
size and three aromi¢ layers 
thick. Smaller transistors are 
faster, and fast transistors are 
the key building block for tast 
microprocessors, che brains of 
computers and countless other 
smart devices. 





translation — to become an 
evervdily reality 

For further decals, check: 
<www. intel .com/research/silican>. 
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IBM and Infineon 


to Advance Memory 
Technology 





IBM and Infineon Technologies are to 
jointly develop a memory technology 
that could significantly increase 
battery life of portable computing 
devices and lead to instant-on 
computers. 


The two companies have signed an 
agreement to collaborate in the 
development of Magnetic Random 
Access Memory (MRAM), which uses 
magnetic, rather than electronic, 
charges to store bits of data. 


MRAM may significantly improve 
electronic products — from computers 
to mobile phones to game systems — 
by sloring more information, 
accessing it faster and using less 
battery power than the electronic 
memory used today, 


MRAM also retains information when 
power is tumed off. meaning 
products like personal computers 
could start up instantly, without 
waiting for software to boot up. 


For further details, check: 
<www.chips.ibm.com, 


Intel Wafers Made 


in freland 





Intel has announced that its new 
wafer fabrication facility currently 
under construction in Leixlip, Ireland. 
wil] begin production in 2002 using 
state-of-the-art 300mm 
manufacturing technology. 


The project, announced in June 
2000, was originally planned as a 
200mm wafer fabrication facility. The 
new Irish fab will be Intei’s second 
production fab dedicated to 300mm 
technology and the first high-volume 
300mm facility in Europe. 


The 300mm wafer technology, based 
on siltcon wafers that are 300mm — 
or 12 inches in diameter — will allow 
more than double the number of die 
per wafer and reduce costs by 
approximately 30%. 


Originally scheduled for first 
production in the second half of 
2001, ine fiw fab Is now scheduled 
to begin production of wafers in the 
second half of 2002 as a result of 
the change to 300mm technology. 
The facility will include 135,000 
square feet of clean room 
manufacturing space, 


For further details, check: 
<www. intel .com>. 
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Speechify 
Converts Text-to- 
Speech 


SpeechWorks has announced the 
genera! availability of its Speechify 
1.0 Text-to-Speech (TTS) engine, 
which tums text-based content into a 
spoken audio format. 


Speechify has already been 
successfully integrated into popular, 
consumer phone services such as 
AOL by Phone and Yahoo! by Phone, 
both of which allow subscribers to 
listen to incoming e-mail through any 
phone. 


Speechify 1.0, a product of the 
partnership between SpeechWorks 
and AT&T, 15 the first to capitalise on 
30 years of AT&T Labs research 
developing human sounding, 
synthesised speech with 
sophisticated language analysis 
capability. 

For further details, check: 

<www. speechworks. com>. 


SyncML Initiative 
Delivers Data 


Synchronisation 
Standard 


SyncML., the initiative sponsored by 
Encsson, IBM, Lotus, Matsushita, 
Motorola. Nokia, Palm, Pston and 
Starfish Software. has has released 
the SyneML 1.0 specrficalion 
providing tomorrow's synchronisation 
technology for today’s mobile 
solutions. 


in less than one year, SyncML has 
successfully developed and published 
a powerful protocol for universal data 
synchronisation of both remote and 
local data. In additton to the 
specification, SyncML initiative also 
released a SyncML Reference Toolkit 
source code, enabling companies to 
rapidly bring SyncML-compliant 
products to the market. 


SyncML-enabled products aril 
services will offer consumers mobile 
freedom by synchronising personal 
data and providing interoperability 
among all Syn¢ML-comptiant 
products and services. 


Consumers and business 
professionals alike will be able to 
synchronise their personal data, such 
as contacts and calendars, in mobile 
terminals with various applications 
and services including corporate 
personal information managers, 
Internet calendars. Internel address 
books and more. 


Synchronisation will be possible 
locally and remotely through various 
transports, Such as infrared, 
Bluetooth. HTTP and WAP regardless 
of platform or manufacturer 


For further details, check: 
<www.e@ricsson.se>. 











IBM 
Unwraps 
World's 
Most 
Advanced 
Chip-Making 
Technology 


IBM has senounced 
production of powerful new 
microchips tor servers, 
communications gear and 
pervasive computing products, 
using the most advanced chip- 
making technology ever 
developed. 

The new technoloey named 
CMOS 9S, unites JBM 
Innovations in copper wiring, 












silicon-on-insulator (SOD 
transistars and improved, low-k 
diclecirie insulation to build 
chip circuits as «mall as 
0.L3microns. or nearly 800 
limes Lhinner than a human 
hair. 

Vhe smaller circuitry ancl 
improved! materiads can pack 
more processing power on i 





single chip. helping electronic 
procucts from computers to 
mobile phanes support new. 
perkormance-hungry 
applications like speech 
recognition, fingerprint 
authentication ancl wircless 
video. 

Por further details, check: 
<www. 1bm. com>. 


Controllers 





Charging 





Fairchik! has introduced two 
battery-charging comiroiler 
integrated circuits Uae provide 
constant-current and constant- 


vollage (2 5V to 16V) charging of 
Li-ion batteries used in handheld 


applications, such as mobile 


phones, personal cligital assistants 
(PDAs) arxl Consumer products. 


For further details, check: 
<www. fairchildsemi .com. 


Wireless World 
Launched by 
Industry 
Leaders 


lhe Wireless World Research 
Forum created by Alcatel, 
Enesson, Nokis and Siemens 
aims to lofmulate visions on 
strategic future research 
directiuns ia the wireless field, 
among industry and academia 
and to generate, identify, and 
promaete research areas and 
technical crends for mobile and 
wireless system technologies. 
ILis intended to closely co- 
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Target Consumer Products 


Battery Charging Controller 1Cs 
(FAN7563 and FAN7564) 
For Li-ion Batteries 


operate with the UMTS Forum, 
ETS!, @OPRlElE: (VU, ana 
other relevant boches regarding 
commercial ancl 
standarclisation issucs deris ecl 
from the research work. 

The forum is open to all 
interested parties. Members are 
expected to contribute papers 
and ideas. in 2001, the forum 
wil] organise (hree working 
sessions and a workshop 
rowirds the endl of the year. 





The WWRE is a furcher 
development of work started 
during 2000 in the Wireluss 
Stratevic Iniuative AWS]. The 
Wireless Stratevic Initiative was 
started in May 2000 by Alectel, 
firicsson, Nokit and Siemens as 
a project under the Information 
Society Technologies 
programme of the EU, 

For further details, check: 
<www. 1St-wS7.org>. 








Sony Display is Picture Perfect | BYTES 


Setting the latest design trend 


in flat panel clisplays with 
exible horizontal or vercical 
viewing, Sony's newest 42in. 
model is available in brushed 
silver or charcoal grey. 

The Sony display has a 
resolution of 1,02 by 1.024 
providing clear images and 
superb cletail. with a 160 
degree viewing anule. The only 
problem is the price which is 
expected to be around 6,000 
when the display reaches the 
UK later this year. 

For furrcher cletails, cheek: 
<www. Sony. Com. 


Boeing to 
Build Satellite 
for European 
Satellite 
Services 
Provider 


Societe Europeenne des 
Satellites (SES) of Luxembourg, 
the operator of Europe's 
leading ASTRA circct-to-home 
(DTH) Satellite System, has 
ordered its tenth satellite from 
Boeing Satellite Systems. 

The satelite, ASTRA 3A, is a 
high-power Boeing 37™GHP 
model spacecraft ancl is 
scheduled tor launch in 2002. 
The contract also includes 
launch services and ground 
staion control software. 

ASTRA 3A will augment SES’s 
existing fleet of 13 to help meet 
growing demand for cligital 
satellite services. 

The payload consisting of 24 
Ku-band transponders. 20 
active, will provicle high-power 
DTT! services to the German- 
speaking markets al Germuny, 
Austria and Swuzeriand from 
SES’s new orbital position of 
23.5 degrees Fast longitude. 

For jurther details, check: 
<www. boeing. com/space>. 
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Dallas Demos 


Wearable Java 
Computer 





Dallas Semiconductor has 
announced a new wearable. Java 
technology-based computer with 
ample storage for safekeeping all the 
credentials of an individual. 


The DS1957B Java-powered iButton 
serves as both a physical key for 
touch and go access to buildings and 
a computer key for secure network 
log-on as well as trusted e-signatures 
for the Intemet. 


inside the 16mm steel-encased 
Button is a Java computer with a 64 
kbyte ROM and 134 kbyte RAM that 
can store over 30 certificates with 
1024-bit keys using ISO X.509v3, 
the most widely recognised public- 
key certificate format. 


In addition, the DS19578 can store 
hundreds of user names and 
passwords, a colour identification 
photo, and the application programs 
of many different service providers. 


All personal credentiais aré both 
cryptographically and physic ally 
secure on the steel-armoied chip, 
wear-tested for 10 years ™ durability 
lo insure extreme up-time-paramount 
because of the critical role this 
hardware token plays in establishing 
a person's digital identity. 


For further details, check: 
<waw.ibutton.com>. 


Motorola Licenses 
ARM Architectural 


to Expand DigitalIDNA | 
Portfolio 





ARM and Motorola have signed a 
licensing agreement expanding 
Motorola's DigitalDNA embedded 
processor portfolio from its to include 
lhe ARM microprocessor families and 
implementations. 


Under the agreement, the ARM 
product line will join Motorola's 
PowerPC, M-CORE and ColdFire 
families of 32-bit embedded 
processors. 


ARM cores are noted for their 
excellent combination of tigh 
performance, small dié size, low 
power consumption, tight code 
density, and mutiple supply sources. 
Instruction set compatibility belween 
processor families promotes design 
reuse and reduces software 
development time. 


For further details, check: 
<www.motorola. com>. 








~BYIES 


Personal Palm 





Protection 


DataGator from JAWZ is the first 
product of its kind to automatically 
encrypt ail data on Palm O/S 
handheld devices. 


JAWZ DataGator provides an 
application-independent methed for 
maintaining encrypted data on Paim 
O/S handheld devices. It works 
seamlessiy in the background to 
secure the data of all record-based 
applications and is compatible with 
Paim O/S 3.0 or greater. 


Until JAWZ launched DataGator. most 
existing security applications for the 
Palm restncted access to the device 
by requiring a password when the 
device was turned on. This front door 
was easily bypassed and the 
sensitive data on ihe Palm became 
available to the hacker or thief. 


For further details, check: 
<www, JawzZinc. com>. 


Speech 
Recognition 


Software Works 
Without Training 


Sensory has introduced the Sensory 
Fluent Speech engine. which it 
reckons is capable of accurately 
recognising up te 50,000 wards 
without the need for training by the 
speaker. 


Sensary’s new Fluent Speech 
technology is expected to provide 
low-cost. large-vocabulary speech 
recognition Capabilities to such 
everyday applications as portable 
MP3 players, Internet access 
devices, mobile phones, cars, 
personal digital assistants (PDAs) 
and a vanety ot medical and 
electronic instrumentation. 


For further details, check: 
<www. sensoryinc. com> 


Intel and Power X 


to Develop Internet 
Switches 





Intel and Power X Networks have 
agreed lo work together on 
development of technology to easily 
connect Intel's fastest network 
processor with Power X’s intelligent 
switch fabric, a significant step 
toward streamlining development of 
next-generation Intemet networking 
equipment. 


For further details, check: 
<www. intel .com>. 





Cell 
Computing 
Introduces 
Plug-N-Run 
Modules 


Cell Computing has acldec! 
three Intel Pentium processor- 
based] modules to its lagship 
Plug-N-Run line of embedded 
PC products. 

The Plug-N-Riin family now 
meludes a total of nine plug- 
vompxuible modules chat 
provide camplete PC 
functionality in an ultra- 
compel Zin. by 3in. footprint. 

All of Cell’s modules use 
Intel’s low power mobile 
processors; two Of the new 
modules incorporate Intel's 
l66Milz nel 200M) iz Pentiuin 
processors with mmxX 
technalogy while the third is 
hase on a 400M Hz Celeron 
PMrOCCSs ir, 

Vor further details, check: 
<www.cel lcomput ing. com>. 



















The Elektex keyboard. cleveloped by the UN company 
Hlectro lextiles, can be folded, scrunched and washed, without | 
losing functionality. 

The keyboard enhances the flesibility sind functionality of 
handheld devices, greatly improving rapid input of text and 
simplifving device operation. The latest prototype wraps 
around a palmtop Lo form a protective case, and inclucles an 
Integr stancl for easier screen viewing, 

The keyboard is the first of many applications of Elektex 
vechnology currently being developed. The company is also 
cleveloping a gel-bodied mobile phone : 
sleeved with fabric, that has already 
tracted the interest of major 
mobile tekecoms manufacturers, 

For further details, check: 
<www.electrotextiles.com>. 


UK Funds Study of Mobile Phone Safety 


The government is to invest ussentially a precautionary step. 
6 million in a rescarch 
program clesigned to 
investigate potential health 
hazards of mobile phones. 
IL is also set to Mount a 


public information campaign 


advising mobile phone owners 
that chey should keep thei 
calls short to minimise their 


che government. acknowledged 
that there is no irrefutable 
medical evidence that mabile 
phones pose health risks. 

For turcher details, check: 
<www.dti.gov.uk> 


exposure to radio waves, and 

thut they should discourage 

mobile phone use by children, 
Prescnuny itS achion as 
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How do engineers go about designing a 10 million 
transistor integrated circuit or chip? Here we 
report on the birth and development of the 
electronic design automation (EDA) industry. 


Vernlog 10 produce a computer model of 
the design. 

The Cadence Verilog-XL simulator shown 
in Photo 3 lor the desktop provides a 
powerful environment for designing and 
verifving the functional building blocks of 
complex application-specific integrated 
circuits (ASICs) und systems ona chip. It is 
designed to meet the capacity 
requirements of block-hased design, while 
providing the same quality, reliability, and 
functionality of the industry stincarad 
Verilog-XL simulator, 

They then verify that the design dovs 
what they want by simulating how the 
model responds to a variety of test stimul. 
























ntegrated 
circuits (Cs) are the most complex 
structures designed by mankinel. 1C 
technology continues tu follow Moore's 
law, which states that the number of 
transistors that can fit on a chip doubles 
every 18 months. 

The size of the smallest features on a 
state-of the-art IC is comparable to the 
length that your fingernails prow in one 
minute. Modern ICs such as the Intel 
Pentium + shown in Photo | may measure 
only a centimeire ona side, but can eusily 
incorporate 2 kilometres of wiring joining 
tens of millions of transistors. The task of 
designing these ICs clesign is, of course, 
hugely complicated and requires highly 
specialised skills. 

in the early 1960s, when the first ICs hit 
the market and consisted ofa mere handlul 
of wransistors. the design process was 
entirely munual. An eleetrical enginver 
would create a circuit scheniitic on paper 
and hancl it ro 4 professional drafter. 

Llere. the dratler would create a 
representation of the design on drafling 
film, laying oui the various components of 
the chip avcorcling to the electrical 


Engincers then use a synthesis program 
that stutomitically reduces the HDI 
description down toa nemork of 
interconnected logic gates, or netlist. 

This stage in the clesign process is 
analogous 10 when the electrical engineer 
hands a paper design to the drafter. The 
modern drafting process, or lavour design, 
consisis ol unraveling the tangle of 
information contained in the netlist and 
living Out the corresponding transistors 
and ihe connections between them. ‘the 
final stage before munulacture, physical 
verification, checks the design ugainsi the 
neuist ancl ensures that it contains no 
shart circuits. 


Photo 1. The Intel Pentium 4 
may only measure 1icm 
by icm, but it contains 
more than 10 million 
transistors and 
several 
kilometres 
of wiring. 


Managing design complexity 
We are currently at another watershed 
in the evolution of electronic design 
engineer's autoniation. The tiny feature size of current 

schemiuatic. A photographic 
process then vecdluced the drafter’s clesizn 
to a size that allowed the chip to be 
manufactured on a silicon wafer as shown 

in Phoro 2. 

As the number of (ansistors on a 
chip ineredsed exponentially, it 
was not hong belore the manual 
method of design became 
inadequate. Fortunately, che 
arrival of microprocessor 
technology, itself a resull of 
the explosion in IC design, 
created the opportunity to 
automaic the electronic 
design process. 

Thus the electronic 
design automation, or EDA, 
industry was born ancl! the 
term clesizn Lool shifted away 
from its implication of a pencil 
and paper ancl toward its 
current Meaning of an advanced, 
automated soflware system. 




























Design process 
The typical preseni-day design process 
begins with some type ol imprecise paper 
specification, Engineers use a hardware 
clesign language (HDL) such as VHDL or 









: Photo 2. Silicon wafer etched with 
. Numerous integrated circuits. 
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gencralions of IC technology rorees : Photo 3. Cadence Verilog-XL simulator Te aE | 
designers 16 process much 3 Fle Sieorpmn’y 


more dictail rhan ever before. 
On the other hand the 
complexity af the chips and 
the number of transistors that 
they conrain forces designers 





lo discard as much dent as 
they can get away with. 
This situation svems Iess 
paracloxical if we look at the 
design at two levels. The 4 
sistem level is analogous with 
the electrical engineer's paper 
design. The design 1s very 
abstract at this level - 
the engineer cnaws 
what the clesign ts 
required to do but has 
not yet decided how it amram 
will do it. On the other “nme 
hand, the “ame 
implementation level is | 
similar to che clnifter’s 2 — <n 
view of the desien. The — ‘ . 
desien is ver detailed at this 
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due to the microscopic feature 
sizes cue Well understouxd. : Photo 4. Cadence Virtual Component Co-design (VCC) system 
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The solution to this dilemma is to 
provide cn aucomarecl process lor taking a 
design from the abstract system level to the 
detulecd implementation level. 


Shift to system-level design 
Design specifications are not fixecl entities 
— they shill continuausly during the design 
process, so designers are always trying to 
hit a moving target. This necessitates a 
desin approach that allows changes to the 
(lesizn night upto, and even alter. che 
product is released 10 the market. For this 
reason, clesign teams implement as many 
of the product's features in software as IC 
performance petmits, This change toa 
reliance on software is reflected in the 
composilion of clesign teains, where 
software engineers now typically 
outnumber hardware designers. 

So modern electronic systems are 
becoming title more than pkatforms for 
running the sofiware that enables most of 
the features of the procluct. The problem is 
that the software cannot be written without 
prior knowledee of ihe hardware platform, 
and the hardware design needs enough 
soluvare 10 lest it, Engineers require design 
tools that allow them to develop hardware 
and sattware tovether as a camplere 
system. 

Another challenge arises from the ught 
deadlines that engineers face in order to 
bring new products to market. [t is too 
time-consuming to design ever new 
system from seratch, so engineers must 
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build large portions of the design from pre- 
existing blocks af harclware known as 
Intellectual property, or [2 Designers must 
therefore he able to predict how blocks of 
[P will perform when connected together 
In he system. 
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The Cadence Virtual Component Co- 
design (VCC) system shown in Photo 4 
solves the challenges of hardware/software 
co-design by separating behavior from 
architecture. For example, tne first mobile 
phones were bricfcase-sized designs with 
hundreds of components. These unwieldy 
and expensive unils were quickly refined 
down tou handheld unit containing just a 
couple of chips, and naw many of the 
functions are implemented as software. In 
all of these different forms. the behavior of 
the phone is unchanyedl - ir allows you to 
make phone calls while on the move. The 
only real difference is how the architecture 
of the phone changed as features were 
implemented either in hardware oc in 
SOMW£re. 

The VCC tool allows a clesizner to 
clescribe the behavior of a system and to 
simulate it to ensure thac it is correct. The 
tool then guides the designer to the 
implementadion that best suits the needs uf 
the product by evaluating a number of 
wternative architectures. The VCC toal 
then automatically assembles HDI code for 
INpuUt into logic simulators and synthesis 


Photo 5 and &. Chip plots of 10-million 
plus transistor integrated circuits. 


— 


systems, providing an automated puth into 
physical implementation tools. The tool 
simultancoush generates the software for 
the system, targeted at specilic 

microp ocessor cores “ind real-time 
Opening sysrenis, 








Right first time 

The shift to system-level design was 
initiatecl in part by the neecl to raise the 
level of abstraction at which engineers 
create their clesigns. But in order to solve 
the problem of modern electronic design, 
design Lools must simultaneously manage 
the huge level of detail at the 
implementation level. 

Just as the delay through long, undersea 
cables hinders transatlantic telephone 
conversitions, the signal dekty through 
conmechions across an [C creates a similar 
problem for designers. Although the 
distances involved are much smaller, the 
signals ure much faster, Designers need to 
have an accurate model of this delay carly 
on in the design process if their design is to 
work at the gigahertz speed that ts 
characteristic of modern products. Without 
an acecunite model of delay, design times 
are stretched out as designers loop 
through enciless iterations, trying in vain to 
reach the nirvana known as timing closure. 

The previous generation of synthesis 
tools incorporated statistical wireload delay 
models, but this gives a poor estimation of 
interconnect delay in current-day ICs. 
Furthermore, synthesis tools and physical 
implementation (place-and-route) tools 
ipically use different models of 
interconnect delay, which means that the 


synthesis tool’s delay maclel is a poor 
predictor of how the clesign will actually 
perform, leading to further iterations 
through the design loop. 

The Cadence Synthesis, Plice and Route 
(SP&R) system solves this problem by using 
the same, physically accurale models of 
interconnect delay within the synthesis tool 
and the place and route tool. The we Lools 
theretore agree on the timing of the 
design, meaning that designers can reach 
precise timing closure in one step. 


Hierarchical design 
The key to controlling the complexity of 
modern chip designs is to use a 
hierarchical approach. The job of designing 
4 10 million transistor [C such as those 
shown in Photos 5 ancl 6 ts impossibie if 
tackled head-on. but a clivice-and-conquer 
strategy makes the prohlem solvable. 
Divide the design into avo parts. and 
suddenly each part is halfas complex as the 
whole, Divide the design several more 
limes, and the resulting blocks become 
manageable and, equally importantly, 
reusable, [n practice, the boundaries 
between these hierarchical blocks are 
dictatecl by the structure of the design 
wteher than by some arbitrary practice that 
makes life easier for the designer. 

Burt this process of hierarchical design 
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introduces its own problems. The 
hierarchical blocks that comprise the 
clesign are assembled using a place and 
route tool and connected by global 
interconnect; this is wiring that pervacles 
throughout the IC ancl therefore has a 
huge eflect on the clesign’s performance. 
Design blocks that function perfectly in 
isolation will break down if the 
characteristics Of the global interconnect 
are ignored during chip assembly. 1t is 
therefore necessary to switch the order in 
which the design is clone so that global 
interconnect is creatcd first. 

Cadence has coliaboratect with designers 
10 create a new hierarchical synthesis and 
chip assembly technology. At the core of 
the technology is the ability to predict 
global interconnect timing by performing 
hierarchical synthesis as well as hierarchicit! 
place and route. The technology is basecl 
ona large portfolio of existing, mature 
clesign toals, hence minimising the impact 
to our customers’ design processes. 

The new hierarchical technology 
automates the best practices of today’s 
most advanced clesign groups. It allows 
designers to share data much earlier in the 
dlesign process, hence improving timing 
predictability andl leading to earlier timing 
closure. 
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ST7 Motor Control Kit 


ST7 Motor Control Kit 


The Motors 


Brushless DC motors are quieter, more efficient and 
much more robust than conventional motors. They are 
more EMC compatible. Ideal applications include refrigeration, 
vacuum cleaners, washing machines and automotive and 


air conditioning. 
The Silicon 


ST have introduced a new device in the ST7 family of 


microcontrollers with motor controller peripherals 
- 8T72141, featuring the ST7 core and available as EPROM & 


OTP. 


The Development Kit 


Step 1: Discover motor control with our default 


Ametek motor. 


Step 2: Configure the device with your own motor 


and save the parameters. 


Step 3: Program the EPROM device and use in 


your real-life application. 
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Contact Info: 

Tel: +44 (0)1970 621 030 

Fax: +44 (0)1970 621 040 

Email: Sales@kanda.com 

Or buy online at: 
www.kanda.com 

Order No.: ST7MTC1 
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Monkeys in the US have remotely operated a 
robotic arm 600 miles away in MIT’s Touch 
Laboratory — using their brain signals. 
Stepben Waddington reports. 


spotlight 


spotlights 
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about MIT 
séarch 


ere’s a topic to keep you occupied 
down the pub one evening. How 
do you vet a monkey to control a 
robot over six hundred miles away? 

Well fora start fet’s get one thing clear — 
it coulct only happen in the US. In the UK, 
scientists would have the monkey control 
something far more practical such as a 
coffee machine or kettle. 

The feat is based on a neural-recorcding 
system reported in Nature in November. In 
that system, tiny electrodes implanted in 
the animals’ brains detected their brain 
signals as they controlled a robot arm to 
reach for a piece of food. 

According to the scientists from Duke 
University Medical Centre, MIT and the 
State University of New York, the new 
system coulcl form the basis for a brain- 
machine interface that would allow 
paralysed patients to control the movement 
of prosthetic fimibs. 

The Internet experiment ‘was a historic 
moment, the start of something totally 
new,’ Mandayam Srinivasan, director of 
MIT's Touch fab, saicl in the Wall Street 
Journal at the end of last year. 

The work also supports new thinking 
about how the brain encades information. 
by spreacling it across large populations of 





oy Thutnhe) 
¥ 





neurons and by rapiclly adapting to new 
circumslances. 

In the Nature paper, the scientists 
described how they testecl their system on 
two owl monkeys, implanting arrays of as 
many as 96 electrodes, each less than the 
diameter of a human hair, into the 


Duke Universi 
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monkeys’ brain. 

The technique they used allows large 
numbers of single neurons to be recorded 
separately, then combines their information 
using a computer coding algorithm. The 
scientists implanted the electrocles in 
multiple regions of the brain's cortex, 
including the motor cortex from which 
movement is controled. They then 
recorded the output of these electractes as 
the animals learned reaching tasks, 
including reaching for small pieces of food. 


Analysing Brain Signals 

‘lo determine whether it was possible to 
predict the trajectory of monkeys’ hands 
from the signals, the scientists fed the mass 
of neural signal data generated curing 
many repetitions of these tasks into a 
computer, which analysed the brain signals. 
in this analysis, the scientists used simple 
mathematical methods and artificial neural 
networks to predict hancl trajectories in 
real time as the monkeys learned ty make 
different types of hand movements. 

“We found two amazing things.” sail 
Miguel Nicolelis. associate professor of 
neurobiology at Duke. “One is that the 
brain signals denoting hand trajectory show 
up simultaneously in all the cortical areas 
we measured. This finding has important 
implications for the theory of brain coding, 
which holds that information about 
trajectory is distributed really over large 
territories in each of these areas even 
though the information is slightly cifferent 
in cach area. 

“The second remarkable finding is that 
the functional unit in such processing does 
not seem to be a single neuron,” Professor 
Nicolelis saicl. 

“Tiven the best single-neuron prectictor in 
our samples still could not perform as well 
as un analysis ofa population of neurons. 
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50 this provides further suppore to the idea 
that the brain very likely relies on huge 
populations of neurons clistributed across 
many areas ina dynamic way to encode 
behaviour.” 


Over the Net 

Once the scientists demonstrated that the 
computer analysis could reliably preclict 
hand trajectory from brain signal patterns, 
they used! che brain signals from the 
monkeys as processed by the computer to 
allow the animals to control a robot arm 
moving in three climensions, They even 
tested whether the signals could be 
transmitted over a standard Internet 
connection, controlling a similar arm in 
MIT's Laboratory for Human and Machine 
[faptics. informally known as the ‘Touch Lab. 

“When we initially conceived the idea of 
using monkey brain signals ky control a 
clistant robot across the Internet, we were 
not sure how variable delays in signal 
transmission would affect the outcome,” 
said Dr. Srinivasan. “Even with a standard 
FCPAIP connection, it worked out 
beautifully, lt was an amazing sight to sce 
the robot in our lab move, knowing that it 
was being driven by signals from a monkey 
brain at Duke. It was as if the monkey hacl a 
600-mile-long virtual arm.” 

The researchers will soon begin 
experiments in which movement of the 
robot arm generates tactile feedback signals 
in the form of pressure on the animal's 
skin. Also, they are providing visual 
feedback by allowing che animal to watch 
the mavement of the arm. 


4 January 2001 
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Such feedback stuclies could also 
potentially improve the ability of paralysed 
people to use such a brain-machine 
interface to control prosthetic appendages, 
said Professor Nicoletis. In fact, he said, the 
brain could prove extraordinarily aclept at 
using feedback to adapt to such an artificial 
appendage, 


Augmenting the Body 
“If such incorporation of artificial clevices 
works, it would quite likely be possible to 
augment our bodies in virtual space in ways 
that we never thought possible,” said Dr. 
Srinivasan, @ principal research scientist in 
mechanical engineering and the Research 
Laboratory of Electronics, 

“In fael, the robot that was controlled by 
the monkey brain signals is a haptic 


interfce — a device that is part of a multi- 
sensory virtual-reality system in our lab. It 
enables us to touch, feel and manipulate 
virtual objects created solely through 
computer programs, just as computer 
monitors enable us to see synthesised 
visual images and speakers enable us to 
hear synthesised sounds. 

“In our experiment at using brain signal 
patcems to control the robot arm over the 
Internet, if we extended the capabilities of 
the arm by engineering different types of 
feedback to the monkey — such as visual 
images, auclitory stimuli ancl forces 
associated with feeling textures and 
manipulating objects ~ such closed-loop 
control might result in the remote arm 
being incorporated into the body's 
representation in the brain,” Dr. Srinivasan 
continuect. 

“Once you establish a closed loop that is 
very consistent, you're basically telling the 
brain that the external clevice is part of the 
body representation. The major question in 
our minds now is: what is the limit of such 
incorporation? For example, if we program 
the virtual objects such that they do not 
follow the laws of physics of our so-called 
real world, how will they be represented in 
the brain?” he said. 

Besides experimenting with feedback 
systems, the scientists are planning to 
increase the number of implanted 
electrodes, with the aim of achieving 1,000- 
electrode arrays. They are also developing a 
‘neurochip’ that will greatly reduce the size 
of the circuitry required for sampling and 
analysis of brain signals. 
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his article introduces a solicl state 

sound recorder and playback 

module, OX-RID-20. The module 
dlows + separate sound tracks to be 
recorded inclividually and played hack. 
Each segment has 4 seconds 
recording lengrh. It can alsa recarc 
just one 20-second sound track. 

Sound is stored on its on-board 
non-volatile memory and is retained 
diter the power supply is removed. The 
recorded sound can he played back at 
anviime. The recording evele is in excess of 
100,000 times. The data retention period ts 
over 100 vears. 

Measuring 5mm x 25nun x 15mm in 
size. the device only requires a 
microphone, two pushbutton switches and 
an 8 Ohm speaker to fornia complete 20 
seconds sound recorder, The sanypling rate 
is 6-1 kiIz. The bandwidth of sound 
recording is 2.oki 1% that is adequate for 
speech recording. It requires a power 
supply from 4.5 Vto 6.5 VDC In record 
and play moles, current consuniption is 
ipically 25mA, In idle mode. the current 
drops to 0 05m<A. This makes the device 
favorable for battery-operaced applications. 


Pin-out of the Module 

The cdlevice ts shown in Figure 1. There are 
13 soldering pacls on the module, The pin 
pitch is 0.1 inch. Their functions are 
summarised in Table 1 


How to use the module 

The basic connection of the maxlule is 
shown in Figure 2. It consists ofan LED, 3 
pushbution switches (named as RECORD. 
PLAYE and PLAYT.:, one speaker (8-16 
Ohm), one 2-way switch, an electret 
microphone ancl a power supply (-4.5-6V 
DC). It is very easy to operate. Let us first 
set B0 and BI to logic 0, This causes the 
module to recorcl/play only one segment. 
BO and Bl can be set to other values to 
select other segments. 

Vo record sound. press and hold the 
RECORD switch. The LED illuminates. 
Sound is recorded via the microphone or 
through the VANA input (Line-in input). 
When the RECORD switch is released or 


Sound Racarears 
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Dr Pei An introduces these 
novel 20 Sec Recorders 








switch, During a 
message replay, the 


is completect it flashes once. 
Pins BO und BI allow users to 

select 1 of 4 segments. The relation 
between BO and Bi and the starting point 
of a segment is shown in ‘Table 2 

During recording (RECORD switch is 
pressech, sound is stored in memory from 
the start point of a segment specified by BO 
and Bt. When the RECORI) switch is 
released, an end-of message marker (LOM) 
is placed in memory. The module allows in 
total + markers to be stored in memory. 
The marker plays an important role during 
replaying After the PLAYE switch is 
toggled, sound stored in memory is played 
back from the start point to the next KOM 
marker. 

If the RECORD switch is held for more 


when the total recording time is over 20 
seconds. recording is terminate. Inside 
the chip. an end-ol-messave marker (KOM) 
is placed at the end of the sound track in 
the memory. 

YO playback the sound, press PLAYE 
switch once. The complete sound track 
(from che start of the track to che end-of- 
messiuge nuarker) ts played through the 


speaker, to stop replaying. press PLAY. 





I424€=48 B76 8107 


Figure 1. QX series sound recording module. Overall size 45mm x 24mm <5mm. 
Pin connector pitch: 0.1 inch. The above module is 20 second 4 segment 
version. You can use 80 and 81 to select the start of a segment. 


LID is off When the replay 


) 
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than 5 seconds, the encl-of-message marker 
will be placed in the next segment. When 
you replay the sound, the sound track 
covers two segments (time length will be 
longer than 5 seconds). As a result, you 
loose one segment. Hence in order to have 3 Close for logic 0 
4 separated messages, the end-of message Open for logic 1 
marker should appear in every segment. 
This means that the maximum recording 
time for each segment should be less than 
5 seconds, 


Select segement RECORD 
Application circuits: Basic circuit ; switch 
Figure 2 gives the circuit diagram for basic 
operation. The circuit can be used for a 
simple message memo. 


PLAYE 


PLAYL 


8 Ohm speaker 


Circuit for continuous play of a 
sound track ny ges 
It is often required that a sound track is vec 4.5-6V _ 

played again ancl again. A circuit shown in + 

Figure 3 can be used for such a purpose. In} microphone 
that circuit, the LED pin is connected to a 
355 mono-stable and the output from the — 
mono-stable is connected to the PLAYE pin. | 
The LED pin is normally at logic high (LED; 
is off). After a complete message is played, 
the pin generates a short low-going pulse. 
The LED flashes and the signal triggers the 
mono-stable. The output of the mono- 

stable goes high for a pre-set period of time 
then becomes low. At the high-to-low 
transition on the PLAYE pin, the sound 


Low current LED 


I pala iaiae The debe penadas Figure 2. The basic circuit contains Three push-button switches (RECORD, PLAYE, 
amy P Sean aie as ai eeee ee ee PLAYL), cne speaker, one microphone one SW and one LED. Power supply 
determined by R and C values. is 4.5V to GV DC. 
To record message, just press RECORD 





switch. In this circuit BO and B1 are pulled 
am i to ground. So the message length can be 
RECORD, Record (active at high-to-low transition) : up to 20 seconds. 


PLAYE, Play (active at high-to-low transition) 
y gn : Circuit for recording and playing 
PLAYL, Stop (active at high-to-low transition) : 4 sound tracks 
Ground : Figure 4 shows a circuit that allows one of 
? four sound tracks to play by pressing one 


Connected to 16 Ohm Speaker. 12.5mW RMS output. Tests show that | | of four switches. The circuit is based on a 
an 8 Ohm speaker is also acceptable i standard CMOS logic IC, CD4532 keyboard 
Connected to 16 Ohm Speaker. 12.5mW RMS output. Tests show that | | Cneoder It converts 8 parallel clara (D0 to 
8 Ohm speaker is also acceptable i D7) into a binary data on QO, Q1 and Q2 
sil i pins. DO through to D7 are pulled down to 


VCC (4.5 to 6.5 V DC) Active mode > 25mA, 'dle mode: < 0.05mA : ground via pull-down resistors (RL). While 
= no switch is pressed, QO, Q1 and Q2 
Ce Pekin Seni nattane ane 
: corresponding line (D0 to D3) becomes 
VANA: Audio line input (<5OmVp-p). signal connected between VANA high. QO and Q1 output a binary data, 
and Ground. A O.1uF capacitor should be between VANA and input | which supply the address bits for BO and 


signal to filter out DC components. VANA recording has better sound i BL. While the switch is pressed, Qgs pin 
quality than microphone recording. i also poes high. When the switch is 


Open collector output for an LED indicator. The LED illuminates during : sane eh ee ae mes He ana 
sound recording, It flashes once after a complete sound track is played. |: TON OBIC Nigh fo tow, he module replays 
i the sound stored in that particular 


BO and Bi | Selection pin for segments (each segment has 5 seconds length) : segment. 
BO=0 Bi=0O istsegment BO=1 B1=O 2ndsegment | : In order to play 4 sound tracks, 4 
BO=O0 Bi=1 3rdsegment BO=1 B1=1 4thsegment | : separate sound tracks must be stored in 
: each segment. This is done by holding 
Table 1. i che segment-select switch and pressing 
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replay message 


| ! Vcc 


Delay determined by R and ¢ 


Select segement RECORD eget 
itch 
fe PLAYE 
PLAYL 


555 monostable 


Line-in 
end of message 


Low current LEff QX-RD-20 


Figure 3. A 555 mono-stable circuit Is used here to enable the module to play a sound track continuously. 


Vcc 


00-D7 are normally at logic low 


If SWx is pressed, Dx becomes logic high ie No SW pressed, Qgs=0 
5 If SWx is pressed, Qgs=1 
SW1 to select ist segment 10 


Pea SW2 to select 2nd segment ie 
SW3 to select 3rd (=. 
aa 

= i ive 


PLAYL 


8 | cD4532 


(<50 mV p-p} 
uF 


Low current LED QX-RD-20 


Figure 4. Application circuit to play 4 messages. CD4532 Is a CMOS keyboard encoder IC. 
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SP+ 
(or SP-) 4 


1OnF 10k 


500k 
Differential input 


Single ended input 


Figure S. Using LM386 audio amplifier to boost audio cutput power. Two connection methods 


can be used: single-ended Input and differential input. 


Q second 
(start of memory) 

To select Segment 1 L 5 second 
(1/4 of memory) 

10 second 
(2/4 of memory) 

To select Segment 3 1 1 15 second 
(3/4 of memory) 


NOTES: connected to VCC = Logic 1 connected to VSS = Logic O 
Table 2. 














the RECORD switch at the same time. 
The record time for each segment must 
be less than 5 seconds. 


Audio amplifiers 

An 8 to 16 Ohm speaker can be connected 
to the module directly without using any 
amplifiers. To boost audio output, 1M386 
or other types of audio amplifier can be 
used. Circuits using an LM386 IC are shown 
in Figure 5. Figure 6 shows a circuit 
diagram using hybrid audio amplifiers 
(cletails of these amplifiers can be found at 
<www. intec-group.co.uk>). 


Tips to obtain better sound quafity 
Use a good quality 8 Ohm speaker with a 
cavity such as speakers for computer sound 
systems. Do not use a bare speaker. 
For better sound quality, speak to the 
microphone with a distance and speak 
clearly. Also keep the background noises as 
low as possible. 
For best sound quality, use the Vana pin | 
(Audio Line In). The audio signa! is injected 
into the module between Vana and 
Ground. The voltage range is 100mV peak i 
to peak. 


Other modules 

There are two more sound recording 
modules with slightly different 
specifications. These are the QXLM-10 and 
QOXLM-20. They are single section sound 
recorders. The former has a recording 
length of 10 seconds and the latter has 
20seconds. For both modules, the recorded 
sound can be replayed once or continuous 
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under the control one pin. This feature is 
useful for some applications. 


Technical Support 

QX-RD-20 and QXLM-20 are both priced at 
£7.50 each (including VAT). Postage and 
packing is £3.50. QXLM-10 is £5.80. The 
Evaluation board (excluding sound 
modules itself) is £18.00. Please direct your 
enquiry to the auchor. 

Telephone/fax: 44(0)16147 79583. 

E-mail address: <pan@intec-group.co.uk> 


See 1000UF 


(a) 4 W audio amplification circuit 


(b) 10 W audio amplification circuit 


Figure 6. Two circults (4W and 10W version) using hybrid audio amplifiers. (n both 
circults, the speaker is betwoen 4 to 8 Ohm. 











Improved 


MOBILE ANTENNA 
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A remarkable way to greatly reduce mobile phone 
radiation and save on battery power. 
A report by Reg Miles 


Ofelale(Pletdiats 
substrate 


Diffraction part of antenna 


Figure 1. Basic antenna structure 


he safety or otherwise of mobile 

phones continues to make news 

headlines - mainly because the meclia 
like to scaremonger. However, behind che 
published! sensationalism of cooked brains 
there is a growing concern that mobiles 
could inflict some form of ciimage on their 
users, particularly children, as a result of 
the RF signals passing through the heal. 

Whatever the reality of the situation is, 
and there is a ‘somewhat’ reassuring stucly 
to end this piece, things could well change 
for che betrer if the Warwick Ultrasafe 
mobile telephone antenna were to be 
adopted by all mobile phone 
manufacturers. This has been developed by 
Professor Roger Green at Witrwick 
University, and it is claimed to cut the 
cnergy passing through a user’s hut by 97 
percent. But, more than that, the 
redirection of energy will also double the 
battery life or, alternatively, allow the size of 
the battery to be halved. 

The invention came about because 
Protessor Green noticed that antennas for 
mobiles tend to be based on well: 
established simple structures, usually 
quarter wave dipoles. Because of their 
need to be compact, there ts no room for 


Section through X - 
X 


Shielding 
element 


Tuned 
inductive 
element 





ereater sophistication using conventional 
techniques. ‘There are ways of achieving 
compact antennas using: the dickectric 
technique, which give a reduction in size by 
radiating energy within a diclectric 
environment prior to sending our the 
signal, and some mobile phones hive 
adopied this approach. But although these 


Figure 2. Diffraction antenna effect, concentrating 
electric field (grey). Also, propagation direction shown 
(dotted). Dielectric omitted for clarity. 





techniques do allow a reduction in antenna 
size a radiation field is still proclucecl, part 
of which passes through the users’ head. 
They require the use of a low loss dielectric 
material, along with clirectors ancl 
reflectors, and cliffraction techniques. 

The design of the Warwick Ultrasafe 
antenna is based on a combination of three 
elements, a diffraction antenna, an 
impedance-correcting helical antenna, and 
a contoured electric field structure that 
directs radiation away from the user. It 
reduces it co anything between 1/10 and 
1/30 by comparison with standard in-heacd 
‘adiation levels (Figure 1 shows the 
combination of elements). Although a 
diffraction antenna can be short, it can also 
be rather wide. Another problem with it is 
that its electrical impedance can have the 
correct real component, but can have a 
significant capacitive reactive impedance 
component as well. 

In operation the diffraction antenna 
credtes a rising electromagnetic field 
perpendicular to the plane of the antenna, 
which is similar to that produced by a 
quarter wave dipale of height perpendicular 
to the plane (see Figure 2) thus reducing 
the height necessary for the same effect. 
The centre of the diffraction antenna (the 
<lriven element) contains the inductive 
antenna (which will usually be a helical 
structure except at the higher frequencies), 
This has two advantages: the capacitive 
nature of the diffraction antenna is partially 
or wholly compensated for by the 
Incluctanee at the design frequency, anc the 
clectromagnetic field peak intensities are 
raised above the plane of the antenna - 
making the antenna clectrically higher, The 
ilesign is such that the added inductance is 
less than half the height of a shielding 
clement. The shielding element is accually a 
perpendicular ground plane. which acts to 
contain the majority of the electromagnetic 
field from the top of the inductive antenna. 
When this is helical it is 
tapered so that the electric 
field is accentuated from 
the top of i1; when it is too 
short to be helical, the top 
of the inductive pillar is 
tapered. In order to reduce 
the overall size of the 
structure, the whole 
antenna is encased ina low 
loss dielectric material. 

The result of this 
combination of elements is 
to produce a compact und 
directional antenna in 
which radiation is reduced 
in the direction of the 
shielding and roughly 
doubled by comparison 
with a standard antenna 
away from ict. A graph 
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showing typical front-to-back ratio, of 
forward to reverse power, as a function of 
frequency, is shown in Figure 3. This shows 
the front-to-back ratio of transmitted power 
in dB. For example, at a frequency of 
850MHz, the ratio is 15clB, which 
corresponds to 31 times. In other words, 
the transmitted power into a user’s head is 
only 1/30th of the usual amount, while the 
transmitted power in the required direction 
is up to twice the amount given out by a 
standard antenna, So a net advantage (in 
terms of racliation in the head) of up to 60 
times can be achieved if the transmitter 
power is halved. Figure 4 provides a 
graphical representation of the differences. 

Although its application for mobile 
phones is accentuated for obvious reasons, 
the antenna has been designecl for general 
use in the UHF band, and the principle can 
be extended to a wide range of 
frequencies, The prototype has been used 
to detect TV signals in the frequency band 
400MHz to 900MHz, While an antenna half 
the size indicatecdl can operate successfully 
at the mobile phone frequencies of 
1800MHz or higher. 

Professor Green is now seeking interest 
from Mobile telephone companies to 
develop commercial models of this 
technology. 


For more information contact: 
Peter Dunn, Press Officer Public Affairs 
Office Senate House University of Warwick 
Coventry, CV4 7AL West Midlands 

Tel: 024 76 523708 

Email: <puapjd@admin.warwick.ac.uk> 


And that ‘somewhat’ reassuring piece: A 
case-control study of 891 people who 
regularly used a mobile phone showed no 
statistical association between the amount 
of usage and the likelihood of developing 
brain cancer, according to researchers from 
the American Health Foundation and 
Memorial Sloan-Kettering Cancer Center 
and four United States medical centres, 

“The recent phenomenon of widespread 
use of cellular phones had been a 


100 


design frequency 


i suspected risk factor for the development 

: of brain cancer and needed to be clarified 
by a study,” explained Joshua Muscat, MPH, 
of the Division of Epidemiology of the 
American Health Foundation and the 
study's first author. “The data showecl no 
correlation between the use of cell phones 
and the development of brain cancer. In 
addition, there was no association between 
the amount of cell phone usage and brain 
cancer.” 

In a retrospective, case control study, 469 

men and women diagnosed with primary 


Mobile Phone with Normal Antenna 
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brain cancer and 422 people 
without brain cancer were 
interviewed between 1994 and 1998 
using a structured questionnaire. 
They were asked which type of 
phone (manufacturer) they used, 
the usage per month in minutes 
and hours, the year of first use, and 
the number of years of usage. In 
addition, an estimated monthly 
phone bill was ascertained. The 
patients, aged 18 to 80, were 
scrupulously matched to the 
control group by age, sex, race, 
vears of education, and occupation. 

The usage reported for cancer 
patients ancl the control group was 
not statistically significant. The median 
monthly use was 2.5 hours for cases with 
cancer and 2.2 hours for the control. The 
mean duration of use was 2.8 years for 
brain cancer patients and 2.7 years for the 
controls. 

“Because 85 percent of people in the 
study reported extending the antenna 
during calls, we might have expected to 
find a disproportionate cluster of tumors 
behind the eye and the ear on the side the 
cell phone was usecl since radiation 
emission is highest at the antenna,” said 
Mark Malkin, MD, a 
neuro-oncologist at 
Memorial Sloan-Kettering 
Cancer Center and study 
co-author. “In fact we founcl 
no link between cel] phone 
usage and temporal lobe 
tumors, nor was there any 
association between 
handedness and tumor 
location.” 

Based on all available data 
inclucting stucties by other 
groups, the researchers 
believe that extended use of 
mobile phones does not 
appear to cause brain cancer, 
However, further research is 
indicated as this study covers 
people who have mostly 
used analogue mobile 
phones for a relatively short 
perioct of time (two to three 
years). AS people continue 
to use mobile phones for 
extended durations, the 
long-term health effects, if 
aa any, neeci to be monitored. 
For more information 
contact: 

Memorial Sloan-Kettering 
Cancer Center Joanne 
Nicholas 212-639-3573 
American Health Foundation 
Monica Bynoe 
212-551-254 


cientists at the US 
Department of 
Energy’s Los Alamos 
National Laboratory lecl by Dr 
Victor Klimov ancl the 
Massachusetts Institute of 
Technology led by Professor 
Moungi Bawencti have 
observed stimulated emission 
from nanoscale semiconductor 
particles called) nanocrystal 
Quantum Dots (QDs). CdSe 
QDs offer efficient emission of 
laser light, opening the 
fabrication coor for novel 
optical and optoelectronic 
hybricl devices, such as 
tuneable lasers, optical 
amplifiers, and light emitting 
diodes, from large scale 
assemblies of otherwise 
invisiloly small particles. 

“Our results provide a proof 
ofprinciple and should motivate 
the development of nanocrystal 
quantum-deot-basedl lascrs ancl 
amplifiers,” said Los Alamos’ 
Victor Klimov, who has led the 
research efforts in this ficll. 

Quantum dots are so small 
that quantum mechanical 
effects come into their own at 
this scale, controlling their 
behaviour strongly. Quantum 
mechanics apply in the 
microscopic realm but are 
seldom seen in the 
macroscopic world around us. 
QD lasers work like other 
semiconductor lisers, such as 
those found in audio Compact 
Dise players. The goal of the 
OD laser is to manipulate the 
dot material into a high-energy 
stale and then properly convert 
it toa low energy stute. The 
result is che nel energy release 
of many in step photons. 

But first let us take a brief 
diversion into the history and 
the current state of laser 
developments worldwicle. The 
demonstration of the first 
pulsed ruby laser by Maiman in 
1960 with significant hype at the 
time, adding to the drama 
created in that notorious scene 
in Galcllinger with 007 Sean 
Connery!, was a milestone in 
the technological development 
of modern applied physics. 
Without the laser spectroscopic 
techniques such as stimulated 
Raman, Rayleigh and Brillouin 
scattering would not be 
possible. Equally many 
telecommunications 
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Nanocrystal Quantum Dot Lasers 


applications, to say nothing of 
non-linear optics and high 
power lisers necessary for the 
next gencration of confined 
nuclear fusion experiments anc! 
the revampect “Star Wars’ 
program would not exist. The 
advent of the Laser (Light 
Amplification by the Stimulated 
Emission of Radiation) is well 
suited to these tasks because of 
the high intensities and high 
degree of collimation (focusing) 
achievable. ‘Yo understand how 
this is possible tet us look a litle 
more closely at the operation of 
é simple laser. 


Laser Operation 

Laser operation is markedly 
clifferent to normal emission 
phenomeni. In a conventional 
source, such as a neon tube, 
energy is pumped into the neon 
alams which are consuquently 
‘raised? into excited atomic 
Stules. Fach atom may then 
drap back spontineousty and 
xndomly to the vround state, 
All atoms radiate indepencenily 
and the photons are emitted 
having no phase relationship 
with each other, so chat the 
light produced is therefore 
incoherent. 

In 1917 Ajbert Einstein 
predicted that an excited atom 
can revert toa lower stale by 
photon emission through a 
second quite clistinet 
mechanism which wiggers the 
excited atom into emission by 
the presence of 
electromagnetic nicdiation of a 
precise lrequency. 

This process is known as 
stimulated emission and is the 


cornerstone of laser operation. 
In spontaneous and stimulatecl 
emission the photon is emitted 
with an energy difference hfiy 
between the initia! excited 
energy state ej ancl a final tower 
energy stace elf ie.: 


e,- &, = hf, 


The emitted (stimulated) 
photon has the same 
polarisation and phase, anc 
propagates in the same 
direction as the stimulating 
photon. 

Llowever, Since most atoms 
are usually in the ground state. 
absorption is much more likely 
lo occur than the process of 
stimulated emission. To achieve 
sufficient gain and observe 
lasing action it is necessary to 
achieve population inversion 
where very manv of the atoms 
are in the excited level, leaving 
(he ground state virtually 
unfilled. An incident photon of 
the correct frequency is then 
able to generate a cascade of 
stimulated photons. 

In the Ruby laser, composed 
of a synthetic aluminium oxide 
crystal dopect with chromium 
oxide. the Cr’ ions are excited 
and then decay spontaneously 
Into a metastable sutte lasting 
several milliseconds Figure 4, If 
the pump bean is of sufficient 
high intensity, population 
inversion May occur anc the 
lirst few spontaneously emitted 
photons stimulate a chain 
reaction from the upper 
metastable level. One quantum 
of light wiggers the rapid, in- 
phase emission af others, 


taking energy from the 
metastable aloms into the 
coherent light wave. Such a 
laser is known as a 3-level 
system with broad absorption 
bands. making initial excitation 
; simple, with a long-lived 
metastable state and a grouncl 
Slate: 

The wave grows ds it passes 
many times up and down the 
active medium of the laser 
cavity which acts as a Fabry- 
Perot etalon, where light is 
reflected many times with one 
end partially silvered. Light that 
is Not Coaxial wich the ruby rod 
passes out of the sides and is 
lost; this accounts for the 
remarkable degree of 
collimation of the emerging 
beam with it linewidth typically 
~Q0.1nm due to the narrow 
energy transition between 
levels. 

Significant advances have 
been made in the last few years 
with ihe demonstration of the 
first single-mode Continuous 
Wave fibre Jaser where a 
GaAlAs pump diode produced 
lasing at 1.088nm (in the Near 
Infra-Red) in a Neodymium- 
doped glass fibre. Since then 
technological development has 
been rapid with many doping 
materials exhibiting lasing in 
Hones? th ldo ie 
S01 Pr a Yi elc: 

The advantage ol libre lasers 
is that they are easily fabricated 
and are convenient for 
conveying large amounts of 
information over long distances 
ancl into otherwise inaccessible 
areas for applications as in vivo 
monitoring of body glucose, 
gas sensing and radiation 
monitoring al remote sites and 
many other novel applications. 
Clearly such lasing optical fibre 
will be an integral part of 
technological developments in 
the three optical telecommunications 
‘windows’ at 850nm., (local area 
networks}, and at 1300nrn, anc! 
1550nm for long clistance 
communicalions (wicle-area- 
networks). 

Recent work at Southampton 
University has developed the 
planar waveguide laser which 
has a narrow channel clefined 
by conventional 
microelectronics lalrication 
techniques in Neodymium- 
daped BIK7 glass. In a planar 
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Relaxation 


A, 


Non-radiative transitions 


Figure 1. Ruby laser transitions. 


geometry there is strong 
confinement of the 
electromagnetic fields needed 
for lasing to occur, Lasing 
action tikes plaice above a 
minimum threshokt when gain 
is greater than material 
dbsarption. Thresholds are 
now of the order of a few mW 
af pump power and eralct at 
Whole new area of 
tuchnological development 
where planarity is the crucial 
design requirement. in terms 
of integrated optics and multi- 
sensor arrays, all designed on 
one chip of either glass ar 
silicon, the potential of an in- 
built laser is a very attractive 
feature. 


Classes of Laser 

Lasers fall into several distinct 
categories and they are usually 
separated by the type of lasing 
material used. The most 
COMMON Lypes ure viven 
below: 


Salid State Lasers 

The well known Ruby laser és 
one ofa class of solic state lasers. 
whose output waveleneths may 
range anywhere benveen 400 
and 2500nm. 


fas Lasers 

Gas is the active medium anc 
may Operate from the Far Infra- 
Rect (FIR) right up to the Ultira- 
Violet. tlelium-Neon, Argon, 
Carbon Dioxide (CO>) and 
molecukur Nitrogen are used. 
some gas lusers ancl mixtures 
are very powerful such as the 
COs kiser that operates al 
10.6man. 


Semiconductor Diote Lasers 

The first semiconductor laser 
(Gallium Arsenide) dates from 
L9G2. Semiconductor lasers, 


Metastable state 


Stimulated emission 


Ground state 





made from layered materials, 
operate berveen the Uiltra- 
Violet ancl the (Infra-Red. 
articular advantages are: small 
size. precise fabrication anc 
mass production, Vhis has led 
lou wide variety of upplicalions 
such as laser heads in CD audio 
and ROM players, checkout tills 
Wn light pens. 


Films of CdSe QDs 


1.2nm 


Emission before 
cain threshold 
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Ontical Fire and Planar Lasers 
Significant aclvances have been 
nace since the first 
cemonstinalion of a single-mode 
optical fibre laser in 1985. 


Quantum Dots -just a 
matter of the right 
Chemical Fabrication! 
As previously stated the goal of 
the Quantum Dot laser is to 
manipulate the dot material 
INO a high-energy state and 
then properly convert il to a 
low energy state resulting in 
the net release of many in-step 
photons. However the 
chatlenge is that there are 
competing mechanisms by 
which energy may be released, 
such as vibritional or electron 
kinetic energy. In ODs 
electrons are conlinec within a 
very small volume that forces 
them to strongly interaet with 


of Different Radii 


wil 
1Snm 


2.1 nm 


[mission after 
gain threshold 


Shreviaded emnsaon 


band 
i 


Figure 2. Colour stimulated output as 
a function of dot radii. 


Courtesy Or Kilov, 


Liquid Lasers 

The first of these were organo- 
metallic compounds; non- 
organic liquids are now often 
used, such as the fluorescent 
dive rhodamine. These lasers 
are especially useful as they can 
be Luned over a wide 
wavelength range (typically 
offering about lO0nm tuning). 
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each other. These sirong 
interactions can feacl vo 
deactivation of the clot through 
the non-radiative Auger process 
prevenuny il from emitting a 
photon. 

The Los Alamos-led 
researchers examined QDs 
formed from several types of 
crystalline material. They 
showed thar rhe QDs can 


exhibit sufficiently large optical 
gain for stiniulatecdl emission to 
overcome the non-racliative 
Auger process, Stimulated 
emission, Or lasing was only 
possible however when the 
clots were clensely packed in 
the sample. 

Quantum cots offer this 
performance over a range of 
temperatures, making them 
suitable for a variety of 
applicatinns, and can be tuned 
to emit at different wavelengths 
ov colours (Figure 2). The 
emission wavelength of a 
quantum dot is 4 function of its 
size, so by making dots of 
different sizes scientist can 
create light of different colours. 

The OD materi Klimov and 
his colleagues worked with is 

‘asily manipulated through 
well-established chemical 
synthesis methods rather chan 
more traditional epitaxial (layer 
hy layer) semiconductor 
materials, Chemical synthesis 
should make fabricating 
densely packed quantum dot 
arrays a suaightfonward 
material processing techniqie. 

Achieving their results also 
had to overcome the dramatic 
disaster of this summer’s 
globally reported Cerro Grande 
lire, which hit the group very 
hard. Several researchers on 
the team lost vital data and 
equipment in the fire and 
much af Klimov’s optics 
equipment was damaged. 
Klimey joined Los Alamos back 
in 1995 andl receivecl his 
inaster’s and doctoral degrees 
from Moscow State University 
anc was recently iwircded the 
2000 Los Alamos National 
lahoratory Fellows Prize for his 
wark on nanocrystal quantum 
dots. 

Semiconductor lasers have 
now embedded themselves 
Into almost every imaginabie 
human activity. Both optically 
and electrically pumpect lasers 
are now widely used in fields 
ranging tram 
telecommunications, 
information storave and 
processing to medical 
diagnostics. The use of 
semiconductor quantum well 
slructures is optical gain media 
has resulted in important 
actvances in laser technology. 
The electronic spectrum of 


Figure 3a. Absorbing and 
emitting transitions in 
CdSe QDs along with Intra- 
band relaxation processes. 


Courtesy Ov Kilmov. 





Quantum Dots consists of well- 
separated atomic-like states 
with an energy spacing that 
increases as the clot size is 
reduced. In very small QDs the 
spacing of the electronic states 
is greater than the available 
thermal energy (strong 
confinement) inhibiting 
thermal clepopulation of the 
lowest electronic states, This 
results in a temperature- 
insensitive lasing threshold at 
excitation levels of only 1 
electron-hole pair per dot on 
average. Aclditional QDs in the 
strong confinement regime 
have an emission wavelength 
that is a pronounced function 
of size, allowing potential 
continuous spectral tunability 
over a wide energy range 
simply by changing clot size 
which is a real edge over 
existing laser systems. The 
prospect of realising QD lasers 
for which output colour can be 
controlled by simple 
manipulation of QD size and 
semiconductor composition 
has been a key driving force in 
nanocrystal QD research for 
over a decade which has now 
finally reached fruition. 

Previously large lateral 
dimensions andi difficulties in 
size control limitecdi spectral 
cunability. As a result emission 
wavelengths in epitaxial dots 
were usually controlled by a 
material’s composition rather 
than fine-tuned with the QD 
size. 

The alternative approach 
tried here by Klimov was to 
fabricate them using chemical 
synthesis. Chemical methods 
can provicle routine 
preparation of semiconductor 
nanoparticles with radii from 1 
to 6nm and size dispersions as 
low as 5%. In this size range, 


ad 
= 


;" 
5 
i 
To 
£ 
¢ 
E 
z 


9 
° 


Preton energy (eV) 


Figure 3b. Absorption and CW PL 
spectra of CdSe QDs with Radii of 
L2nm at300K. Absorption (solid 
line) PL emission (dashed line). 


Courtosy Dr Kilmov. 





electronic inter-level spacings 
can exceed hunctreds of meV, 
and size controllecl spectral 
tunability over an energy range 
as wicle as leV may 
result. Nanocrystal QDs 
can be chemically 
manipulated like large 
molecules and can be 
incorporatecl into a host 
polymer or glass matrix 
ancl into clifferenc 
photonic structures, 
such as photonic 
crystals featured in 
recent Research News. 
Nanocrystal QDs can 
also be assembled! into 
close-packed ordered 
ancl disorclered arrays. 
The combination of 
tuneable electronic 
energies and chemical 
flexibility make nanocrystal 
QDs ideal for building blocks in 
the assembly of optical devices 
structures, such as optical 
amplifiers and lasers. 

Although optical gain in 
nanocrystal QDs of CdSe and 
CdS grown in glass matrices 
have been reported previously, 
narrowband stimulated 
emission was only 
demonstrated for large dots 
with a raclius of 7nm. The 
difficulty in achieving 
stimulated emission in glass 
samples is due to large non- 
racliative losses. Large size 
distributions 20-25% further 
hindered the achievement of 
gain big enough to compete 
with optical losses. 

Direct chemical synthesis can 
produce colloidal QDs with 
narrow size distributions but 
even with quantum efficiencies 
as high as 50% and a clecade of 
attempts ic has not been 
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possible up to now to 
observe laser stimulated 
emission from colloidal 
QDs. 

The absorption of 
colloidal QDs in the 1s 
electron state results in a 
photoluminescent (PL) 
output (Figure 3a). The 
Continuous-Wave (CW) 
emission is red-shifted (to 
the left) with respect to 
the lowest 1S absorption 
Figure 3b. This shift is 
thought to be due toa 
splitting of the lowest hole 
state as a result of crystal 
field and electron-hole 
exchange interactions. Hole 
relaxation from the absorbing 
to the emitting state is required 
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Figure 4 PL dynamics detected. 
Absorption (circtes), and the emitting 
(squares) transition. 

Courtesy Dr Kilmav. 





for population builcl-up of the 
emitting transition and hence 
for the build-up of the optical 
gain. 

The photoluminescent 
clynamics for QDs with radii of 
1.2nm, was recorded at the 
positions of the 15S 
absorption (circles), 
and the PL emitting 
maximum (squares) 
shows a rapid 700fs 
decay of the 1S 
emission 
complementary to 
the emission at the 
centre of the PL 
band, Figure 4. This 
indicates a fast 
transition from the 
absorbing to the 
emitting state 
sufficiently fast to 
compete with non- 
radiative Auger 
relaxation which 
otherwise prevents 
optical gain in QDs. 


2.0 2.1 


Light amplification of the QD 
sample was observed by 
probing with broaclband pulses 
of white light. In the past 
accidental overlap of pump 
induced absorption with the 
photoluminescence band may 
explain the numerous 
unsuccessful attempts to detect 
stimulated emission in 
nanocrystal solutions. 

Gain is observed in solid 
state samples prepared from 
both QDs passivated with 
trioctylphosphine oxide or 
TOPO and QDs overcoated 
with a shell of ZnS (ZnS- 
capped). Figure 5 shows an 
example of normalised non- 
linear absorption gain spectra 
for wo TOPO-capped samples 
with QD radii of 1.3 and 2.1nm 
and a ZnS capped sample with 
R=1.7nm. 

The existence of optical gain 
however cloes not guarantee in 
itself the development of 
stimulated emission. 
Stimulated emission can only 
be observed if its build-up time 
is faster than the gain 
relaxation. Films made of 
1.3nm QDs with random close 
packing and high packing 
clensities are such that 
stimulated emission conditions 
are readily satisfied. Gain 
spectra would appear to be 
temperature independent, 
from liquid nitrogen to room 
temperatures. 

Figure 6 shows an example 
of stimulate emission spectra 
for close-packed films of ZnS 
capped QDs with radii 1.35nm 
recorded at progressively 
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Figure & Non-linear gain spectra of 
3QD film samples with radil of 1.3,1.7, 
and 2.inm recorded at L.5ps after 
excitation at 300K. courtesy pr Klimov. 
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Figure 6. Stlmulated emission as a function of pump intensity 
for ZnS films with radii of 1.35nm. Super-linear intensity of 
stimulated emission (circles) showing a clear threshold 
compared to the sub-linear dependence of PL intensity 
outside the sharp stimulated peak (squares). courtesy pr Ktimoy. 


higher and higher pump levels. 
The films are optically pumped 
perpendicular to the sample 
plane and the stimulated 
emission is detected at the 
edge of the films chat act as 
opuical waveguides ([igure 7). 
The development of a sharp 
suimulated emission peak 
observed in samples at 
wavelengths characteristic for 
the dot size, highlighting the 
size contrallec| spectral 
tunability of the stimulated 
emission. The pump intensity 
clepenctence of this peak in 
Figure 6 shows a threshold 
behaviour that is a clear 
signature of optical 
amplification. Differences in 
the optical quality of cleposited 
films in their lateral directions 
are such that nor all films 
demonstrate stimulated 
emission. 

Klimov has now demonstrated 
room and low temperature 


optical gain in nanocrystal QDs. 


Narrowbancl stimulatec| 
emission that is spectrally 
tuneable with clot size having 
clear threshold behaviour for 
films from room co liquid 
nitrogen temperature sets the 
scene for designer lasing ona 
nano-scale in strongly confined 
nanocrystal ODs. This should 
motivate the development of 
nanocrystal QDs-based lasers 
and amplifiers over a broad 
spectral range for dozens of 
nano-scale based future 
technaloyies well into the mid- 
half of the 21st Century. 

las Alamos quantum dot 
research was funded by the 
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Waveguide in plane of surface 
guides stimulated emission 


Quantum dots 
of different 
radii 


Figure 7. Dots illuminated at right angles 
to guiding of lasing output from dots. 


Laboratory Directecl Research 
anct Development Program, 
Far further information on 
Dr Klimov's work contact: Dr V 
Klimov, Chemistry Division, C- 
6, MS-J585, Los Alamos 
National Laboratory, Los 
Alamos, NM 87545, LSA. 
[i-Mail: <kl imov@1an] .gov> 





Edging towards the 
10M pixel full frame 
image sensor limit! 
After recent discussion of the 
general move towards a 10 
Million pixel imaging sensor 
(ancl then inevitably beyond), 
Eastman Kodak of Rochester 
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New York, in America have just 
announced their latest Blue 
Plus® Image sensor with 4.3 
Million pixels for large image 
areas such as medical 
applications in radiography and 
mammograms, The Kodak 
Digital Sctence KAF-4300E 
image sensor is a high 
performance 2084 by 2084 
pixel resolution Charge 
Coupled Device (CCD}. The 
imager features large 24 micron 
square pixels, bigger than their 
‘usual’ 6.8 microns pixel area 
dimensions to give a total 
imager size of 50mm 
(lorizontal) by 50mm 
(Vertical). It has improved 
quantum efficiency across the 
visible spectrum. 
Kodak has also 
releasecl a full 
frame-tmaging 
sensor with 
improved 
sensitivity across 
the entire visible 
repion of the 
electromagnetic 
spectrum 
(illuscratecl 
elegantly in fthe 
photo). ‘Ihe features of the 
KAF-1401 image sensor inclucle 
1320 by 1034 resolution (nearly 
1.4 Million pixels), using their 
‘stanclarad’ 6.8 micron square 
pixels. 1t has a single on-chip 
amplifier and an ultra-low clark 
current (6pA/cny¥ at 250C), The 
imiuge sensor has quantum 
efficiencies of 30% 
at 400nm, 50% at 
550nm and 60% at 
650nm compared 
with only 2% al 
400nm, 35% at 
550nm and 40% at 
650nm for the 
previous top of 
the range KAF- 
1400 image 
sensor. The Kodak 
Blue Plus image 
sensor family 
continues to provide 
increasingly improvecl 
sensitivity which makes it 
especially well-suited! for 
current and future demands 
within scientific, industrial anc 
medical imaging applications. 
According to Dona Fkamme, 
General Manager of Image 
Sensor Solutions ancl Vice 
President of Digital ancl 


i 


Applied Imaging at Eastman. 

“Making the Blue Plus colour 

sensors available throughout 

the industry will help drive 
market acceptance for digital 
cameras, Toclay’s imaging 
systems demand extremely 
high performance yet 
competitively priced full-frame, 
solid-state image sensors. 

We've mace a great reputation 

for these Blue Plus sensors 

because they perform so well 
uncler so many conclitions.” 

A key component to digital 
cameras, optical sensors 
receive and react to the light 
coming through the camera 
lens. Kodak’s Blue Plus Colour 
CCD image sensors are full- 
frame devices that offer 
enhanced photo-responsivity 
ancl a very low dark signal. The 
high dynamic range of these 
sensors provides exception 
performance in digital camera 
applications where superior 
image quality is required. As a 
result digital cameras deliver 
really good! pictures even in 
difficult lighting conditions. 

‘The sensor incorporates the 
company’s Indium Tin Oxide 
(ITO) technology, along with 
integral colour filter arrays, 
provides enhanced photo- 
responsivity. The key issues 
Kodak have tried! to acidress in 
this sensor range are: 

* High clynamic range -with a 
very high charge capacity and 
linear response, low dark 
signal and 12-bit performance. 

* High resolution -from 
hetween 2 to 6 million pixels 
in a variety of optical formats 
(they are getting there’). 

* Colour fidelity -good 
rec/green “blue colour 
ficlelity. 

* Anti-blooming protection. 

» & Pixel sizes at: 6.8, 9, & 13 
microns square with a high 
charge-transfer efficiency for 
high frame rate operation. 


For further details on 
this evolving work 
contact: 

<www. kodak. com/go/ CCD> 

or phone: US 716-722-4385 
Laurie Fumia, 

Eastman Kodak Company, 
Image Sensor Solution, 
Rochester, 

NY-14650-2010 USA 
<Email: laurie. fumia@kodak. com> 





Diary Dates 


Every possible effort has been made 
to ensure that information presented 
here 's correct prior to publication. 
To avoid disappointment due to late 
changes or amendments, please con- 
lact event organisations to confirm 
details. 


February 2001 
7 to 8 Feb. Softword HR & Payroi! Ce. 
London. Tel: (0208) 541. 5040. 


7 to 8 Feb. Legat iT Business Design 
Centre, Landon, Tei: (01491) 575 522. 


13 to 14 Feb. Technology for Marketing 
Olympia, Landon. Tel: (020) 8987 7905. 
20 to 22 Feb. Smartcard ExCel, London. 
Tel; (01895) 454 545. 


21 ta 22 Feb. Computer Trade Show, NEC, 
Birmingham. Tel: (0208) 5441. 5040. 


23 to 24 Feb. Digital Mapping Show, 
Barbican Centre, London. 
Tel: (019883) 652 661. 





March 2001 


7 to 8 March. Soit.ord Accounting & 
Finance Olympia, London. 
Tel: (0208) 541 5040. 


13 to 15 March. Telecommercexpo ExCel, 
London. Tel: (020) 891.0 79:10. 

22 to 23 March. Linux Expo 2001 Olympia. 
London. Tel: (01256) 384 000. 


28 to 29 March. Softworld Supply Chain 
NEC Birmingham. Tel: (0208) 541 5040 








April 2001 
3 to 5 April. Electronic Design Solutions, 
NEC, Birmingham. Tel: (020) 8910 79:10. 


3 to 5 April. NEPCON - Electronics 
Exhibition, NEC, Birmingham. 
Tel: (020} 8910 7910. 


9 to 11 April. Convergence, Olympia, 
London. Tel: (01244) 881 777. 


24 to 26 April. Webcom ExCe!, London. 
Tel: (01732) 377 646. 





May 2001 

16 to 17 May. The Embedded Systems 
Show, &Cef, London. Tel: (0207) 681 1000. 
16 to 17 May. European Cable 
Communications, ExCel, Landon. 

Tel: (020) 8910 79110. 

21 to 23 May. Mediacast Communications 
& IT, ExCel. London. Tel: (020) 8910 7910. 


21 ta 23 May. Cable & Satellite Mediacast, 
ExCe!, Landon. Tel: (020) 8910 7910. 


22 to 24 May. Mobilexpo, NEC, 
Birmingham. Tel: (020) 8910 7910. 


June 2001 


26 to 28 June. Networks Telecom, NEC, 
Brmingnam. Tel: (020) 8987 7905. 


Please send details of evants for 
inclusion in ‘Diary Dates’ by e-mail to: 
swaddington@cix.compulink.co.uk. 
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CAT Opens 
Environmental 
information Centre 
The Centre for Alternative 
Technology marks tts 25th 
anniversary with the official 
opening of the Autonomous 
Environmental [nformation 
Centre 

With a quarter ofa 
century of knowledge and 
experience of living and 
working with ecologically 
sustainable techinalcigies, 
CAT has chosen to use 
experimental low impact 
builcling materials within 
the new information centre 
in mid-Wales. 

Designed by the UK's 
leading green architects Pat 
Borer and David Lea, the 
information centre is 4 Lest 
bed for ecological building 
cechniques. Providing a 
model for commercial buildings, AtEIC is 
constructed using a range of innovative low 
impact materials, exploring modern versions of 
some very traditional technologies. 

With buildings responsible for 30% of the 
UK's CO) emissions, the Centre for Aliernative 
‘Technology demonstrates the very latest ideas 
in environment building design. 

Teaturing the latest in cnergy conservation, 
heating, waste ancl water management, the 
building includes: the UK’s largest array of roof 
mounted solar collectors; a community heat 
main using renewables, rain water harvesting; 
low flush and compost public toilets. 

For further details, check: <www.cat.org.uk> 





Boeing Satellite Sends Video Home 
Following its successful launch from Kourou, 
French Guiana at the encl of last year, PAS-1R, a 
Boeing 702 built for PanAmSat, has transmitted 
back photos from space. 

The on-board cameras, which will also 
videotape the dleployment of the spacecraft’s 
solar arrays, caught these glimpses of the sun 
and the Earth as PAS-1R entered its orbit. 

The first hwo frames (top and middle) show 
the Earth in the foreground, and the third 
photograph (bottont) is looking toward the sun. 

PAS-1R is the second Boving 702 in the 
PanAmSat fleet and will provicle video, datu 
and Internet services to four continents from 
its orbital slot over the Atlantic. 

For further details, check: 
<www. boeing. com/space> 
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Introduction 





The Better Regulation Task 
Force was estabiished as an 
independent advisory body in 
oeptember 1997 to advise 
Government on regulatory issues. 
It is supported by ihe Cabinet 
Office Requiatory Impact Unit 
(formerly the Better Ragulation 
Unit). lis terms of reference are: 


i 





) 


“To advise the government on action which improves the 
effectiveness and credibility of government regulation by 
ensuring that it is necessary, fait and affordable, and 
simple to undezstand and administer, taking particular 
account of the needs of small businesses and ordinary 


peopte.” 


How we work, 


hen the Fask Force comments on the quakty of existing or 


Hewitt Welcomes independent E- 
Commerce Report 

E-Minister Patriciki Hewitt has welcomed 
the publication of the Better Regulations 
Task Force's report on e-commerce. 

The report. “Regulating Cyberspace’, was 
undertaken by the ‘Task Force to examine 
to what extent regulatory barriers were 
preventing UK businesses and 
consumers from cngaping in e- 
commerce. 

“| welcome this indepenclent 
encarsement for the Government's 
light touch regulatory approach to 
e-commerce,” said Hewitt. 

“Over the last vear there has 


been a sure in businesses vetting @ Whats intellectal property or IP? 
: 2 How dy 1 vet rs ulet toot for my ideaftnatersd? 





proposed regulation, the Task Force tests It against the five 
Principles of Gaod Regulation asking whether the requlation: 


Blyth Harbour is she largest at any oflshare 
site in che world «ind can produce enough 
power to supply 3,000 houses. 

Speaking at the launch at Blyth Harbour 
Liddell said, “This is a major signal of ihe 
potential fora new energy source and a 
new’ industry for the Uk. 

“Rapid development of offshore 


priority to major technological 
development.” 

Congratulating the shared achievement 
of Blyth developers AMEC BorderWind, 
Powergen Renewables. Nuon UK and Shell 
Renewables Liddell said, “The offshore 
experience of oil and gas Companies that 
are Already household names will be 
invaluable as the UK olfshore wind incustry 

| gathers momentum. 
' “We want to make it easier for comyxanies 
such as these to invest in this exciting new 
indusury and make progress with proposals, 
“We will be consulting the inclustry very 
soon to establish a co-ordinated proceclure 
for companies to obtain the consents they 
need for offshore projects. 
For further details, check: 
<www.dti .org.uk>. 


| Web Portal Offers Helping Hand 
- UK’s Innovators 

Buclding innovators can learn how to make 
the most of their ideas and protect 
themselves from counterleiters thanks to a 
new Intellectual Property iP} Web site 
launchecl at <waw. intel tectual - 
property. gov.uk> by Minister for 
Consumer and Corporate Affairs Kim 
Howells. 

The site provides a comprehensive 
resource for businesses and inventors, with 
information on copynghis, trade marks, 
patents and clesigns. Users will be able to 
fincl answers to frequently asked questions, 
view the latest news and link to other TP- 


fEntaryour search oo 


Intellectual Property hiibenced eet 
Weicome to the Ooverrument-bachad home of UK Intelisctual Property on the [rtemet. We hope lo bang you ail the 
answare to your questions and all lhe sesaurces you noed Lo find your way through Ihe IP jungle of Copyrigh:!. 
Designe, Patents and Trade Marks 


Intellectual Property explained 





online. However, while the resulls 


2 How wil my idea/matenal benefit from IP? 





are promising, relatively few are 2 How do Cenforee my nsht:? 
; ® Bow long does protechon last? 
2 How do £ pet permussan te use someone's nusteral? 


exploiting the full power of e- 





commerce and consumers still lack 2 Dot always need permission to use [P? 
@ How do I know/show if matenal is protected? 


2 More questions... 


conliclence in buving online. 
“This report makes some usetul 


Resources & Links 


Copynght Designs 

EAQ«. Hielory Rustnct:s doeiene Links. 
Patents Trade Meari-< 

Support cthemes, Events . Pubbcatsons, Tits in ett 
Other TP Raghits Profitmg fiom IP 
Legal use of IP IP Organisations 

Use eathout pemmassion Facts Exofezsiannl Bodies 


Latest IP News 


Suse ous tammsan wuestioned coels fee vi leat (The insenendent: 
Clothes thst dq the thintang GPC) 


' : ; IP in Businass = lanes ¢ future (BBC 7 
recommendations which will help IP m Education =| Route to iaventson success paner wnth new Patent Offices webats (The UK Parent 


overcome the barriers to achieving 
our goal oF making the UK che best 
place in che world for e-business. 
We will consider these very seriously in our 
response.” 
A copy of the report is available at: 

<www. cabinet- 
office.gov.uk/regulation/taskforce/in 
dex .htm>. 


Liddell Starts Wind of Change 
Helen Liddell, Minister for Energy, opened 
the first UK Offshore wind project at Blyth, 
Northumberland in December. 

The &4 million wind project km oll 


a). — 2 





Raed bnig dencte ¢ Led la offes aries we arcepl pg re oe (ly for cor tent best On they servers 


Distt AIMER = Plegse fed 


windlarms over the years immecliately 
ahead is a key element in the 
Government's strategy for renewable 
eneryy. 

| “Fhe Government is making a total of 

! £89 million available for olfshore wind and 

© energy crops projects. These projects nced 
exit SUppart, ut the critical early stage, 
towards the costs of plant construction. 

“The Renewables Obligation will move 

this important inclustry from the margins to 
the mainstream anc give a significant 
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relatcd sites. Special sections deal with IP as 
it relares to business, eclucation and 
entertainment ancl there is information on 
how to prolit from IP 

The site will also help people with 
concerns abouc using the property ol 
others, for example by signposting them to 
the correct place to obtain a licence. There 
is information for both people with little 
knowledge of IP and more experienced 
users. 
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though it’s a concept which most 
people think they understand, flew 
people really have an in-depth 
appreciation of colour. Yet an 
understanding of certain elements of 
colour theory is essential in various areas. 
Traditionally it was artists, designers anc 
printers who needed to appreciate colour, 
Increasingly, though, and of particular 
relevance to readers of Electronics & 
Beyond, it’s in graphics programming and 
opto-electronic design where such 
knowledge is needed. Even power users of 
graphics and design packages will need this 
sort of appreciation of colour theory. My 
aim here is 10 provide a grounding in basic 
colour theory which cin be applied in 
these application areas. 





The Basics 

Light is that portion of the electromagnetic 
spectrum which is visible to the human eye 
and is normally considered to lie in the 
approximate wavelength range 400nm to 
700nin as shown in Figure 1. Normally, this, 
rather than frequency (actually in the range 
430TIIz to 750THz). is quoted. The visible 
part of the spectrum is bounded by infra- 
red at the low-frequency end and ultra- 
violet at the high frequency end. Our eyes 
contains Qvo kinds of receptors which are 
called rods and cones. ‘he rods allows us 
to perceive shades of grey whereas the 
cones allow the brain t perceive clifferent 
colours. There are actually three types of 
cones which are sensitive, respectively, to 
recl-orange, green, and blue-violet light. 
When a single cone is stimulated, the brain 
perceives the colour associated with that 


Figure 1. 


cone, So, for example, if the eye receives 
light ata wavelength of 550nm, the green 
cones ire stimulated and we see green, 
Clearly this is a simplification since we can 
actualiy perceive many millions vf colours, 
not just the three which correspond to the 
different types of cone. 


Additive Mixing 

Al this point, since it’s a key to many of the 
methods of defining colour, let's think 
about colour mixing. By colour mixing, I’m 
talking about the sore 
of thing we were 
taught in school 
physics lessons, as 
oppased the type of 
mixing we learned in 
art lessons — we'll 
come onto this a bit 
later. In Figure 2 we 
see what happens if 
we project circles of 
red, green and blue 
light onto a screen in 
a darkened roam. 
Where the red and 
green overlap we get 
yellow, the overlap beoween red and blue 
gives migenta, that between green and 
blue gives cyan, and in the central portion, 
where red, green and blue all overlap, we 
get white. In fact, by varying the amounts 
of red, green and blue we can produce any 
colour the eye can perceive so these three 
colours are referred to as primary colours. 
Similarly, the three colours cyan, magenta 





an yellow are called secondary colours. To 
be more precise, and to differentiate them 
from the subtractive primaries and the 
subtractive secondaries which we'll see 
shortly, we should really refer to red, green 
ancl biue as the ackclitive primaries ancl cyan, 
maventa and yellow as the additive 
secondaries. Similarly, the type of mixing 
we've been Jooking at is called additive 
Mixing. 

Since you have a grounding in 
electronics, many of you are probably now 
considering why red plus green gives 
yellow and so forth. And that knowledge of 
electronics may well cause you to think in 
terms of frequency mixing like that 
employe, for example. ina 
superhetrodyne radio receiver. But a few 
quick calculations shows that this can't be 
the explanation. The mixing proctucts of 
signals with frequencies [M and f2 are f1+f2 
and fi-f2. Since the frequencies of rec! ancl 
green light are, say, 462THz (650nm) an 
$771Hz (520nm), ifany appreciable 
frequency mixing were to take place, the 
mixing products would be at 1039THz and 
1151Hz, neither of which are in the visible 
portion of the spectrum let alone the 
frequency which corresponds to yellow. In 
fact, mixing red and green to give yellow is 
purely an artefact of the way the brain 
processes the information — an optical 
usion if you like. Although we can 
perceive an image with different colours in 
different parts of that image, we can only 
differentiate a single colour at a single 
point. So, when the brain is presented with 
signals indicating multiple colours at a 
particular point, it perceives this as a single 
different colour. In other words, the brain 
cannot clifferentiate a mixture of red and 
green light from yellow light. And in the 
case of mixing red, 
green, and blue 
light, this is clearly 
the case since, 
spectrally, there's no 
such thing as 
“white”, it’s all in our 
brains. Having said 
that the eye cannot 
differentiate yellow 
light from a mixture 
of recl ancl green 
light there are 
exceptions. In the 
early days of high 
brightness T.EDs, 
belore the 
widespread availability of white LEDs, 
people experimented with a mixture of recl, 
green ancl blue LEDs to produce white light 
for high reliability torches. Although the 
light appeared to be white, in much the 
same way as sunlight, the effect was very 
different when illuminating primary 
coloured objects. Since the light contained 


Figure 2. 
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just three spectral bands, any object of a 
similar colour to one of these bancls would 
appear to glow in the light of the torch. 


Subtractive Mixing 

In the previous section | referrecl to another 
type of mixing, that which we were taught in 
art lessons — this is summed up in Figure 3. 
Here we see the effect of mixing three 
colours of paint — cyan, magenta ancl ycllow 


(art teachers tend to talk about blue, red and 


green but chis isn’t strictly correct) — on a 
piece of paper. Now we see that mixing cyan 
and magenta vives blue, cyan itncl yellow 
gives green, magenta and yellow gives red, 
and that mixing all three gives black. The 
explanation lies in an understanding of haw 
paints and pigments work. Clearly pigments 
dom actually emit light since they don’t 
alow in the dark. Instead, they 
selectively reflect light by 
wbsorbing their complementary 
colour. Cyan paint, for example, 
absorbs red light so, when 
iuminatecl with white light. 
dllows green and blue light to be 
reflected, And, as we already 
know, adding together green 
and blue light gives cyan. Cyan 
paint can, therefore, be thought 
ofas minus red, Similarly, 
Magenta is minus green and 
yellow is minus blue. 

We can now return lo mixing 
paints or inks and See that it 
makes perfect sense. Since cyan 
paint absorbs red and magentt 
pain absorbs green, when the 
mwo are mixed together we end 
up with something which 
absorbs both red and green, 
When the mixture is illuminated with white 
light, therefore, only blue is reflected. 
Because this form of mixing works by 
suberacting colours from the light 
illuminating it. the process is called 


an 


Figure 5. 


subtractive mixing. Cyan, magenta ancl 
ycllow are the subtractive primaries and 
red, green and blue are the subtractive 
seconclaries. 


Defining Colour 

Officially, the colours of the rainbow are 
red, orange, yellow, green, blue, indigo anc 
violet as in the well-know aide memoire 
“Richard of York gainecl battles in vain’. 
This is interesting since it suggests that the 


Figure 4. 


i, HOTTA ALLL 
| Ml Wy Mt 


t)) pif tL 


Hi] | yt 
et Ua 


Figure 3. 


rainbow contains just seven cliscrete 
colours whereas in reality, of course, it 
contains an infinite number of which many 
thousancs can be diflerentiated by the 
human eye. And when there are so many 
colours, coming up with names for them alll 





can be a daunting task. ‘There are, of 
course, many names of colours in addition 
to the rainbow colours — cerise, Lurquoise, 
quamarine, lemon, crimson, mauve, 
purple and scarlet for example — and many 
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colours can take descriptive acljectives so 
we have lime green, bottle green, leaf 
green and so on. But these an imprecise 
and 100 few to name al the available 
colours. In the printing industry, books of 
standard colours are produced by 
companies specialising in colour matching. 
A popular colour matching scheme is 
-antone — customers pick colours for logos 
ete. from a Pantone booklet ancl specify 
these colours to the printer using the 
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corresponding Pantone 
number. This way, 
irrespective of which 
printing company is 
being used, the colours 
should be identical. 
Many PC graphics 
packages also allow 
Pantone colours to be 
selected. But although 
there's a clear henefit 
of using a colour 
matching method like 
this, the numbers assignec| to che colours 
(e.g. Pantone 5-415 CV) appear to be largely 
arbitrary. No doubt there is some sort of 
rationale to the numbers but this isn’t 
something Pantone feel the customer 
neecls ro be concerned with. 

In the early days of computer 
graphics, none of this was a 
problem. Since the first colour 
displays hac! just eight colours, the 
three additive primuries: rec, green 
ancl blue, the three actditive 
secondaries: cyan, magenta ancl 
yellow, plus black anc white, using 
names was perfectly aclequate. And 
even when the number of colours 
increiised, perhaps, to 64, names 
were still usec] by some companies. 
So, the progression from yellow to 
green might be yellow, greenish 
yellow, yellow-green, yellowish 
green, and green and these would 
indicate 100% yellow, 75% yellow / 
25% green, 30% yellow / 50% green, 
25% yellow / 75% green, and 100% 
green respectively, Eventually we 
come cto a point, though, at which 
attempting to use names just isn’t 
feasible ancl we have to turn to numbers. 
Not only does using some mathematical 
definition of colour solve the problem of 
colour definition, but the numbers can also 
be manipulated directly by software. 





RGB and CMY 

One of the most common ways of defining 
colour is by the proportion of each of the 
three additive primary colours recl, green, 
and blue. This is called the RGB method. 
The proportion is normally defined cither 
as a value in the range 0-1. a percentage or 
as a number in the range 0-255. This latter 
method is appropriate for typical colour 
clisplays which are capable of showing 16.7 
million colours since this is the number of 


Figure 6. 





possible combinations of 265 levels of rec, 
green and blue. The RGB colours are often 
visualised as a cube — the RGB colour cube 
— which is shown in Figure 4. Here the 
amount of red, green and blue increases 
alony the x, y and z-axes, respectively, 
starting at the bottom left hand corner. 
Sometimes this cube is shown differently, 
perhaps with the black corner at the back 
or the top right but the basic principle is 
the same. All passible colours can be found 
somewhere inside this cube. However, 
since this diagram only allows you to see 
the colours on three of the faces, and even 
iF you could rotate it you'd still only see the 
colours on the other three faces, we show a 
number of slices through an RGB colour 
cube as Figure 5. Specifically the cube has 
been sliced from front to back as viewed in 
Figure 4. Note also that this particular 
version of the colour cube is far from the 
iclealised one which contains all possible 
colours. Instead of the infinite number of 
shades in the theoretical colour cube, this 
one has six levels for each of red, green, 
and blue so includes just 216 colours. All 
practical imaging systems will be capable of 
displaving a limited nuntber of colours. 
Since they Operate by additive mixing. 
RGB is a useful way of thinking about 
colour on a clisplav screen, but less so 
colour printing which operates by 
subtractive mixing. A close relative to the 
RGB colour cube is the CMY colour cube. 
Now, insteacl of the x, y and z-axes 
representing red, grcen and blue, they 
represent the subtractive primaries cyan, 
magenta ane vellow. The CMY colour cube 
is shown as Figure 6 and you'll notice that 
it is, in fact, an RGB colour cube with each 
point reflectecdl about the centre of the 
cube. You won't be surprised to learn, 
therefore, that colours can casily be 
converted between the two colour models 
using the following simple relationships: 


C= 1.0-R 
M= 10-G 
Y= 10-3 


Where C, M, Y¥, 
R,G an! Bare 
values of cyan, 
magenta, yellow, 
red, green and 
blue, respectively, 
in the range 0-1. If 
working with 
values in the range 
G-100% or 0-255 
rather than 0-1, 
each of the 
constants 1 in the 
formulae should 
be changed to 160 
or 25>, 
respectively. 

CMY is important in the printing industry 
since inks combine according to the 
subtractive mixing model. ‘lraditionally, a 
colour original would be split up into the 
three subtractive primaries by 
photographing it through coloured filters. 
Plates are then made for each of the 
primaries anc these are used, One al a time 
with the appropriately coloured ink, The 
full colour image is, therefore, built up 
progressively. Toclay, the process of splitting 
ad full colour imaye into the subtractive 
primaries (which is called colour 
separation) is normally done by soltwarc, 
especially if the artwork is being mastered 





Figure 7. 


digitally. In fact, ’'ve over-simplifiec things 
by sugyesting that colour printing is based! 
on the CMY model; in fact full colour 
reprocluction is referrect to as fourcolour 
printing and conforms to the CMYK made! 
where K stands for blacK (because B would 
he confused with Blue in RGB). Although 
perfect cyan, magenta and yellow inks will 
overprint 10 produce black, most printing 
inks eren’t perfect primaries so blacks 
would appear as muddy browns. Flowever, 
by extracting the black content and using 
this information with a pure black ink, a 
better full colour image results. The 
conversion of a colour defined in CMY to 
CMYK @vhich should really be C'M'Y’K to 
differentiate the different cyan, magenta 


and yellow contents in the two models) is 
given by the following equations: 


K = minimum(C, M, Y) 


C'=C-K 
M’ = M-K 
Y =Y-K 


Figure 7 is a full colour original and 
Figures 8a, bh, c and d are the C, M, Y and K 
contents separated digitally. Then, in the 
parts of Figure 9 we see the image being 
built up as it would be in lithographic 
printing. Note that the printing normally 
takes place in order of inercasing censity, 
that is vellow, magenta, cyan and black. 


HLS and HSB 
Although the RGB and CMY colour models 
are, perhaps, the most obvious ways of 








Figure 8. 
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Figure 9. 


defining colour in terms of mixing, they 
don't really conform to our perception of 
colour. The HLS model, on the ather hand, 
uses concepts, if not the words themselves, 
which we can more easily relate to. H 
stands for hue and is best described as 
“colour”, by which I mean the continuum 
from red through orange, yellow, green, 
cyan, blue, violet and back to red. Note that 
although red and violet are at opposite 
ends of the visible spectrum in terms of 
frequency or wavelength, the two do seem 
(O merge into each other just as red cloes 
into orange or blue into violet. L stands for 
lightness and has, as its extremes, black and 
white. You can think of the brightness 
control on a TY as a lightness control. Turn 
it right clown ancl everything is black, turn 
it right up ancl everything would be white if 
it wasn't for the fact that TV manufacturers 


place a limit before this point. S stancls for 
saturation ancl is the property which is 
influenced by the colour control on a TV 
Turn tt right down anc everything is a 
shade of grey, turn it right up and the 
colours are all vibrant. Hue takes values of 
0°-360°, whereas lightness andi saturation 
both take values of 0-1, 0-100% or 0-255. 
HLS colour space is represented as a 
double cone as shown in Figure 10, Hue is 
the angle around the spine of the cone, 
lightness is the distance up the cone with 0 
at the bottom and 1 at the top, and 
saturation is the raclial distance from the 
spine. At first you might find it surprising 
that it’s this particular shape. However, as 
you study it and as you note, for example, 
that a lightness of 0 is ahways black 
irrespective of hue and saturation and that 
a lightness of 1 is always white irrespective 
of hue and saturation, it should) make more 
sense. As with the RGB colour cube, we've 
also shown a few slices through the HLS 
colour cone in Figure 11 so that you can 
see some of the internal colours. This is 
particularly important here since you can 
only ever see the colours with a saturation 
value of 1 on the outer surface of the cone. 
The following formulae shows how LILS 
values (0-1) can be obtained from RGB 
values (0-1): 


IF minimum colour is B then 


G-B 
H =120 * ——__—_—_ 
R+G-2*B 
ELSE [EF minimum colour is R then 
B-R 
H =120* 41+4—_———_ 
TBSGoOR 
ELSE 
R-G 
H =120 * {200 +——_—_——_ 
R+B-2*°G 
ENDIF 
| -MAX(R,G, B) +MIN(R, G, B) 


2 


IF L < 0.5 THIEN 
_ MAX(R, G, B) + MIN (R,G, B) 


ae MAX(R, G, B)- MIN (R, G, B) 


ELSE 
___MAX(R,G, B)- MIN(R,G, B) _ 
2 - MAX(R, G, B) - MIN(R, G, B) 


ENDIF 


Another colour model, which obviously 
has quite a bit in common with HLS, is the 
HSB model which is represented as a single 
cone as shown in Figure 12. Here, H stands 
for hue as in HIS, similarly S$ stands for 
saturation, and B stands for brightness. 
Occasionally, this colour space is callect HSV, 
in which case V stancls for value but is 
defined just the same way as brightness. 
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Hue is defined in exactly the same way as 
in the HLS model, but saturation is cdlefined 
rather differently and brightness is not the 
same as lightness. In this model, the 100% 
brightness level is achieved if any of the 
aclctitive primaries are at 100% so all! the 
fully saturated colours are at a brightness 
value of 1.0 rather chan a lightness value of 
0.5 as in HLS. 


CIE Chromaticity Chart 

Although the HLS and HSB colour models 
purport to be based on the human 
perception of colour, there ire some very 
obvious anomalies with these schemes. For 
example, if we were to circumnavigate the 
circumference of the HLS cone, we'd 
notice consiclerable changes in the 
apparent lightness, even though all are 
colours we'd encounter have lightness 
values of 0.5. In particular, the colours in 
the yellow region appear very much lighter 
than those in the blue region. So although 
there’s a clear theoretical basis to the 
colour models we’ve seen so far, we really 
need to adopt something else if we're 
genuinely interestect in the human 
perception of colour. 

A colour model which was clevised back 
in 1931 but is still in widespread use is the 
CIE colour space which includes all the 
colours which can be perceived by the 
human visual system. It is based on the 
spectral power distribution of the light 
emitted from a coloured object and then 
calibrated by the sensitivity curves for the 
human eye. Effectively, colours are 
represented by the proportion of three 
primary colours, referrect to as X, Y and Z, 
which correspond to the sensitivities of the 
three types of cone sensors in the human 


Figure 10. 
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eye. Furthermore, Y represents the 
perceived brightness and is referred to as 
luminance. This differs from the lightness 
in the HLS and HSB madlels, or the 
intensity of the three primaries in the RGB 
or CMY models, each of which are 
proportional to the physical power level 
measured in a unit such as watts per square 
metre. Figure 13 shows the spectral curves 
for the three CIE primaries. You'll notice 
that the blue curve is taller than the others 
because the eye is less sensitive to blue 
light. Rather than showing the full colour 
space, this moxlel is normally shown as the 
CIE chromaticity diagram which appears as 
Figure 14. This is a slice through the colour 
space which has equal Juminance — 
specifically the slice for X+Y+2Z = 1. In 


other words, the X and Y primaries are 
normalised according to the following 
formulae to give the co-ordinates x and y 
which are shown on the diagram. 


ne 
a aw 4 
Bees 
ae X= +Z 


In fact, it turns out that all hue and 
saturation combinations can be 
represented in terms of x and y alone. Y 
can, therefore, be used to represent 
luminance alone so 
giving the Yxy colour 
space. It’s interesting 
to note that rhe 
colours round the 
curved edge of the 
CIE chromaticity 
diagram are pure 
colours, that is 
spectral colours. The 
corresponding 
wavelengths are 
inclicated on the 
cliagram. However, 
the straight line 
section of the 
perimeter, the so- 
called purple line, 
includes those shacles 
of magenta or purple 
for which there is no equivalent 
monochromatic light. 

Figure 15 is another version of the CIE 
diagram onto which the colours of recl, 
green and blue LEDs and of the rec. green 
and blue phosphors on a CRT are 
inclicated. In each case, the triangles 
bounded by the three “primary” colours 
contain all the colours which can be 
produced by mixing the three colours. The 
colours within the triangle are referred to 
as the gamut of a LED-based display or of a 
CRI. The LED gamut is the smallest and 
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green and blue LEDs — basically because 
they’re not perfect primaries. Most notably, 
the traditional green LED is a very yellowish 
green. You'll notice, though, that a so-called 
“pure green” LED is also shown. This is a 
newer type of LED which uses a similar 
semiconductor to that which macle blue 
LEDs possible and is much closer to a true 
primary green. Now the range of colours is 
much improved, even over the CRT. Also 
shown on this cliagram are the gamuts of 
four-colour printing and photographic film. 
You'll] notice that the gamut of four-colour 
(CMYK) printing is particularly limited. For 
this reason, for high 
quality work, 
additional colours are 
sometimes used in 
adclition to cyan, 
magenta, yellow and 
black — the so-called 
process colours. One 
common approach is 
to add a further two 
“primary” colours, 
specifically an orange 
and a green Lo give 
six-colour printing. 
Another option is to 
add one or more 
“spot” colours. A spot 
colour isn’t used in 
mixing, instead it 
allows a single colour, 
which cannot faithfully be mixed from the 
primaries, to be printed. This might be 
used, for example, in a glossy brochure 
showing a red car. If four-colour printing 
wouldn't do justice to the red of the car, 
the exact shacle would be printed as a spot 
colouc after the four process colours. 


YUV Colour Space 


So far we've looked ai five colour models in 
some detail andl there are dozens of others. 
Many are effectively obsolete, though, or 
appticable only to very specialised areas so 
we're not going to go through them all here. 
However, there is one other we should look 
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at because of its importance in colour TY 
and video. This is the YUV colour madel. 
The YUV colour macel separates 

luminance from colour. ’'tl explain later 
why this is useful for broadcast TV and in 
MPEG encoding. Y represents the 
luminance but, despite numerous reports 
to the contrary, it is not the same as Y, the 
luminance in the CIE Yxy. In fact, the YUV 
model was originally referred to as the 
Y'LV model in order to make the 
clistinetion but the prime has now been 
dropped, ¥ in YUV is a gamma corrected 
luminance value and is sometimes referred 
lo as luma in order to reduce confusion. 
Gamma correction involves applying a non- 
linear transformation to the luminance 
valuc Lo take into account the non-linear 
relationship between the voltage applied to 
a CRT and the perceived lightness which 
resulls, Failure to apply this gamma 
correction before transmitting a video 
signal results in the inefficient use of 
bandwidth. Luma is determined by gamma 
correcting each of the additive primary 
colours, R. G and B. and then combining 
them with different weightings which 
correspond to the sensitivity of human 
vision to each of the additive primaries 
standardised for video. This is shown in the 
following formulae: 


Figure 14. 
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The U ancl V values, which are, in fact, 
colour clifference signals (i.e. the difference 
in intensity between nwo of the primaries 
and the luma value) are now calculated 
according to the following formulae: 





' ' 
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U = 0.493 * (B-Y’) 
V = 0.877 * (R-Y” 


If the signal is being transmitted as 
component video, such as from a DVD 
player to a TV on separate cables, no more 
encocling is necessary. However, for 
analogue broacleast TV the U and V values 
are combined! to produce a chroma signal, 
C, by quadrate modulation. ‘The reason for 
the strange looking coefficients in the 


Figure 15. 
above equations is so that the composite 
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PAL signal Juma plus modulated chroma) 
is contained within the range -1/3 to +4/3. 
These limits reflect Une capability of the 
composite video recording or transmission 
channel. 

And finally, before leaving the topic of 
the YUV colour model I need to explain the 
rationale for separating the colour 
information from the luma. The eye is 
more sensitive to detail in colour than in 
Juminance. tn PAL TV, therefore, the U and 
V values are sampled at hall the horizontal 
frequency is the uma. This provides a 
useful decrease in the bandwidth. A similar 
technique is employed in video 
compression, in the MPEG-2 stanclard, for 
example. 


Figure 17. 


Practical Colour Mixing 

We startect off by looking at colour mixing 
and this is also where we'll conclude. For 
although it’s possible to continuously alter 
the amount of the additive primaries recl. 
green ancl blue ona CRT tube by 
controlling the voltage on the tube, this is 
not possible on paper. In most forms of 
printing a dot of ink is either present or it 
isn’t. So the only way of altering the 


25% density 


50% density 





perception of darkness is to alter the size of 
the dot ancl/or its separation from its 
neighbours. Since lithographic printing 
really cloesn’t have much ofa bearing on 
electronics and computing, I won't 
describe the solution adopted here. 
However, this is something which is 
relevant in desktop publishing so you may 
like 10 react up elsewhere on the subject. 
You should look fora book on printing or 
DTP or search the Web for information on 
half-taning or screening. In most colour 
printers intended for use with PCs (e.g. 
inkjet printers), though, a technique called 
dithering is used. Ifa printer has a ]200dpi 
x 1200dpi resolution it can deposit dots of 
ink on a 1/1200th of an inch grid. But since 





it only has four colours of inle (cyan, 
magenta, yellow and black) and since it can 
overprint to produce another three (red, 
green, and blue) it can only print at this 
resolution in seven colours plus the white 
of the paper. Fortunately, for a 
photographic image, the eye generally 
wot notice if the actual resolution is 
much less than !200dpi. So a block of 
prinicr dots can be used to represent one 
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100% density 


pixcd in the image. Figure 16 shows how 
this can be useful and, for simplicity, ve 
used a smal] 2 x 2 dot block to represent a 
pixel. Since this contains four dots, 0, 1, 2,3 
or 4 dots can be printed thereby giving an 
overall density of 0%, 25%, 50%, 75% or 
100%. Ancl at a normal viewing clistance, 
the indivictual clots will not be resolved so 
the eye will just sce the shacle of grey 
represented by the density. By increasing 
the size of the block. the number of shades 
of grey is increased at the expense of 
resolution. But this just relates to greyscale 
printing. Since we can clo the same for each 
of the subtractive primarics, a 2 x 2 dot 
block actually allows 125 colours to be 
printed, 3 x 3 dots allows 1,000 colours and 
with 4 x 4 dots this 
rises Lo almost 
5,000. In Figure 17 
a few colours 
mixed by dithering 
are shown. The 
scale is large 
enough to allow 
you to see how 
they've been made 
up from individual 
dots in one of just 
8 colours but from 
a distance you'll be 
able to perceive 
the colours. 

This is the way 
that inkjet printers 
have operatect in 
the past but some 
of the newer so- 
called 
photographic 
quality printers 
have less of a 
tracdle-olf between 
the number of 
colours and the resolution. Some printers 
achieve this by having an extra two colours 
of ink - pale cyan ancl pale mayenta. HP 
have an alternative technology which, for 
the first time, actually allows the size of the 
ink droplet deposited on the paper to be 
altered. For this reason, comparing 
headline resolutions alone isn’t a good way 
of judging the quality you’re likely to get 
from a printer for photographic work. 
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By Reg Miles 


he US Department of 

Energy's Sandia 

National Laboratories 
magnetically powered train 
development project has 
been ullocated the funding 
necessary for work to 
continue. 

In mid-September 2000, 
Sanclia receivecl an 
appropriation of $1 million, 
to build a full-scale prototype 
of its Segmented! Rail Phasec| 
Induction Motor (Seraphim). Subsequently, 
the 2001 Transportation Appropriations Bill 
passed hy Congress and signed into law by 
President Clinton on 23 October allocates 
$2 million to Sandia for further motor 
testing anc design of its Seraphim 
technolovy, which relies on magnetic 
repulsion to push a vehicle forward. 

Key parts of the work to be completed in 
the year ahead inclucle analyses of system 
energy efficiency, construction costs, and 
operating costs. Should these analyses lead 
fo. a system design that is economically 
attractive tO One Or More transit agencies, a 
working system could be operational at the 
Pueblo, Colorado, Transportation 
Technology Center in about 5 years (where 
a magnetically powered vehicle was tested 
at speeds of up to 400kph in the 1970s). 

The same 2001 bill allocates an adclitional 
$2 million to the Colorado Intermountain 
Fixed Guideway Authority (CIFGA), a state 
planning agency, to perform cost ancl 
technical analyses on a quiet, magnetically 
powered, monorail transit system for the 
Denver metropolitan area (See artist's 
impression). CIFGA's and Sandia’s intent is 
Lo develop an urban system robusc enough 
to reach from the Denver international 
Airport through ‘downtown’ Denver to the 
more inountainous western suburbs. 

Other regions in which Seraphim could 
be used as part of a cost-effective transit 
system include Los Angeles, Seattle. Atkanta, 
San Francisco, and other Jocations ‘where 
the terrain and distances make it important 
to travel at high average speeds within 
existing rights-of-way.’ says Bruce Kelley, the 
project leader at Sanclia. 

The science behind Seraphim was 
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originally developed for the Surategic 
Defense Initiative (Star Wars’), to launch 
projectiles at 20 Mach! So the first challenge 
for Seraphim researchers was to moderate 
the force of propulsion. In the mic-1990s, 
Sandia researchers demonstrated a 
Seniphini motor prototype that accelerates! 
a 60cm tall aluminium plate mounted! on 
rails to SSkph in only a distance of over 3m. 
However, no funding was then forthcoming 
to builcl a motor suitable for testing ona 
vehicle. Now the researchers will design and 
lest a prototype motor that will be capable 


PHLDELIIE DAD DC EPT CHEE CED CHEER 
REACTION RAIL 


SERAPHIM MOTOR 

The monorail fs powered by the 
Seraphim, (SEgmented RAt! PHased 
Induction Mator) originally 
designed to launch satellites Into 
orbit 


An electromageret is 
Mounted uncer 1rein. 

The Seraptkn moter 
ganerates 4 magnelic 
fold mo jt passes over 
each auminum segment 


of powering a train at speeds of up ta 
200kph. This it is said should permit actual 
transit speeds averaging 95-1 10kph; 
including stops, over gradients of up to 8.5 
percent even in periods of snow and ice 
accumulation, Conventional truins are 
limited to gradients of a few percent in good 
weather conclitions, because the reliance on 
friction between steel wheels and steel rails 
limits the gradient a conventional train can 
safely climb. 

The Seraphim motor is a modular, 
high-performance extension of the 
conventional linear incluction motor (11M). 
It works by sequentially powering a seric¢s of 
clectromagnelic coils mounted! on the train 
(see Figure). The powered coils incluce 
associated eddy currents and magnetic 
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fields of opposite direction in passive coils 
incorporated in the guideway. The resultant 
repulsion of the magnetic fields accelerates 
the train. Sensors monitor the location of 
the coils on the train with respect to the 
coils in the guideway anc control the 
sequential firing of the powered coils to 
produce either acceleration or braking. 

The motor iso generates vertical forces in 
addition to the horizontal propulsion forces 
andl ts considered to be a form of magnetic 
levitation. However, the completect train is 
likely to rety on wheels for support - which 
are a lot cheaper. According to Barry Marder, 
principal inventor of Seraphim technology, 
‘Conventional magnetic levitation is 
possible, anc fascinating to the public, but 
costly. The main limitation to high-speed 
trains is air resistance, not rolting friction. So 
why add all the complexity needed for 
levitation? The TGY train in France his 
demonstrated that wheels are perfectly 
goad at speeds up to 230 miles per hour.’ 
(400kph) 

Preliminary cost studies have shown that 
a Seraphim-powered transit system with the 
equivalent carrying capacity of 6-8 lane 
roads could be deployed for $12-$22 million 
per mile depending on corridor geography 
and construction conditions (although 
preliminary cost stuclies are notorious for 
their inaccuracy). This cost apparently 
compares favourably with the cost of an 
equivalent capacity of new roads in many 
urban areas. The system, operated on a 
guideway such as an clevaled monorail, 
would operate within existing rights-of-way 
and is expected to provide significant 
recluctions in congestion for corridors 
where the cost of builcling acicitional roads 


High speeds are obtained by 
mounting a series of magnets 
slong the entire fength of the 
teen Poweris supplied by 2 
thied raul which ht commected 1p 
an efecuical source, 


The plate’s magnetic 3 
force repels the mounted 

train magnets, partially 

Kling the vehicte up 

trom is wheels and 

pushing it forward 


is prohibitive, Its backers expect the system 
to decrease the construction of new roacls, 
vehicle noise, atmospheric pollution, and 
other environmental degradations that are 
the inevitable results of more roads and 
cars, not to mention the deaths ancl injuries 
that are also the inevitable results of more 
roads and cars. 

‘For 2001’, says Kelley, ‘expect continued 
development of Seraphim’s motor and 
controls, as well as work on the salety, 
surety, and systems controls aspects of the 
project.” 


For more information contact: 
Neal Singer, <nsinger@sandia.gav> 
(505) 845-7078 
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AOL 

The brand new version AOL 6 
has been releasect, which 
brings with it a plethora of new 
features and services. While 
being the most popular 
Internet service provider in the 
world, with some 28 million 
users, AOL cloesn’L resi on its 
laurels, 2s this new version 
shows. 


Significant information about the lunar 
eclipse can be found, as well as details of 
upcoming eclipses over the next few 
years — such as the total solar eclipse 
which will occur on June 21 of this year 
over southern Africa. 

Another good eclipse Web resource is 
Klipsi's Web site, at: 
<http://eclipse.span.ch/>, where 
Webcams can be accessed which feature 
recent and future eclipses. Ktipsi intends 
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The AOL 6 sofeware gives all 
the old features that previous 
versions offered, albeit some in 
slightly clifferent places. Many 
of these features have been 
improved too. For example, users now have the ability to create 
up lo Seven screen names, each with their own email account. 
This makes AOL even more appealing to families —- even quite 
large ones family member wants her or his own 
email address. AOL 6 takes full use of the latest pricing policy 
introduced by AOI. recently, where for a flat-rate price of &£14-99 
a month, users can enjoy totally free Internet access (that is, 
without telephone charges). This is another bonus for families of 
all descriptions. Screen names can be longer than before, too — 
up to 16 characters in length. 

Other new and improved features are AOL Mail for Palm 
(which allows Palm-based personal cligital assistants to connect 
to AOI. to send and receive mail messages), AOL Mohile (which 
allows WAP-basecdl mobile telephones to connect to AOL for mail 
and other content), and a PC to SMS messaging service (that 
allows users to sencdl SMS text messages to mobile celephones 
directly from their AOL client program). 
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Eclipsed 

The recent lunar eclipse was watched live by many millions of 
people in Europe, Africa and Asia, and it brought with it a hive of 
activily on Lhe Internet. Several Web sites followed events closely 
and shows just how powerful a rool the Internet can be in 
promoting international cooperation. 

One of the best resources when it comes to locating 
information about eclipses is NASA and the Gocldard Space 
Flight Center’s eclipse Web site, at: 
<http://sunearth.gsfc.nasa.gov/eclipse/eclipse.html>. 


yOu WAP phone Try today! 








to be in Lusaka in Zambia on June 21, so 
the site’s Webcam will feature possibly 
the best view of it you can get — apart 
from being there, that is. 

Finally, the Live! Eclipse Executive 
Committee (a non-profit, volunteer Organisation whose members 
are amateur asuronomers, professional astronomers and relatec| 
workers, workers involved with the SOHO observatory, network 
engineers, ancl students) has a Wel site, at: < 
http: //ww.solar-ecl ipse.org> which is well worth a look, 

Live! Eclipse broadcast the first ever live internet of a solar 
eclipse from multiple locations in March 1997, and has broacleast 
a total of 8 solar and lunar eclipses and meteor showers so far, 
using the Internet as its main method of communication. 
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QuickTime 5 


Apple has released the second public beta version of its 
upcoming QuickTinie multimedia player and utility. While the 
previous public beta was available for Macs only, this second 
version is available for both Macs ancl Winclows-based computers. 
Downloacl it for free, from: 

<http: //waw.apple.com/quicktime/>. Once installed, 
QuickTime gives users access to much of the multimedia content 
that's available on the Web sites of the Internet, as well as the 
ability to download and view movie trailers and QuickTime TV 
channels live on the desktop. As QuickTime is being used as the 
basis for future generations of MPEG video compression, it’s 
certain that more and more multimedia content will be based on 
QuickTime, so it’s a worthwhile download. Even though it’s still 
only a public beta version, it appears very stable and works well. 
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DoWap.ws has Jaunched a new Web site at DoWap.ws at 
<www. dowap .ws> for the purpose of developing a Web-based, 


easy-to-ttse publishing tool that woulcl enable businesses and 


indivictuals to create Web sites that can be viewed on mobile 


clevices such as mobile phones and personal cligital assistants 


(PDAs}. 

The company’s strategy ~ in addition to using DoWap.ws 
as an inclepenclent, revenue generating application — is to 
develop custom operator and platform indepenclent 
applications for both business and individual users. The 
focus is on user-generated Content, interactive services and 
business or personal applications. 

This is in contrast to most other wireless applications that 
locus on broadcasting content such as news, TV listings, 
sports scores, financial information and weather. 

The core component of the site is a patent-pending, Web- 
based publishing tool called Wireless Willy. Wireless Willy 
enables indivicluals and businesses to develop a site quickly 
and easily. 

As user's build their site, they can actually see what it will 


look like each step of the way, and as soon as they finish, the 


site is immediately live and can be viewed on any wireless 
device. 


Streaming Media Usage Spikes 
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Nielsen//NetRatings at <www, nielsen-netratings.com> has 
revealed that streaming media consumption rocketed to an 
all-time high in November 2000, with 35 million Web users 
accessing streaming conlent, a 65% increase from 21 million 
during the same month fast year. 

36% of all Web surfers accessed some form of streaming 
media in November 2000, as compared to 28% during the 
same time last year. 
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AOL subsidiary, CompuServe at <www. compuserve com> has 
announced the introduction of new features designed to 
bring greater value and convenience to CompuServe 2000 
and CompuServe 2000 Premier members. 

The new layout of the CompuServe 2000 and CompuServe 
2000 Premier Main Menu offers greater personalisation, 
allowing for quick access to information ancl services that 
members care about most throughout the day, 

Also new, members will be able to take advantage of the 
new CompuServe Radio feature, which offers 17 channels of 
popular music formats, clirectly from the main menu, which 
is powerecl by Spinner.com. 

Additionally, members can easily purchase the music they 
are listening to clirectly from the CompuServe Radio feature. 
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Commind Software Systems at <www. commandcom. com> has 
intraduced Command On Demand, the Internet’s first 
online instant virus scanning anc disinfection service for ISPs 
and Web portals that 1s fully portable to UNIX, Mac, O/S, 
Linux, NE Wincdlows 2000 ancl Windows ME. 

Unlike other anti-virus services, this 100% portability 
makes Command On Demand fully hostable from an 1SP's or 
Web portal's internal site, keeping the customer base secure. 

The company also announced that Virus.com at 
<www. Virus. com>, a portal for virus information, will be using 
Command On Demand on its Web site under the name 
Virus Striker, 
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Akamai ‘Technologies is using Fireclick’s Netflame technology 
to further accelerate the thousands of page views per day on 
its Web site at <www. akamai .com-. 

Netflame at <waw, netflame.com> turbo-charges Web sites 
by using proprietary algorithms to track ancl analyse end user 
clickstream patterns. The application service pre-downloacls 
content clements to the user’s browser cache that are most 
likely to be requested with the next mouse-click. 

As aresult, Web pages are delivered with split-second 
timing, generating increased inctividual page views, thus 
resulting in higher revenues and more satisfied] customers 
for e-commerce and content Web sites. 


Ingenta Enhances Academic 


Search Service 








Ingenta. com ll 


tre goobel seacarth Oat treey — 
ER 






Free searching 


journals online 


ea ee 


Building on the acquisition of the UnCover in March of 2000, 
ingenta has iunnounced that access to the UnCover database 
is now live and available through ingenta’s Web site at 

<www. ingenta.com. 

The addition of UnCover’s content puts ingenta at the 
forefront of the research community by offering one of the 
largest Web article databases to date — over 1] million article 
citations and full text articles from journals and publications 
across the world — all available from one single point, ancl 
archived back to 1988. 

ingenta’s content can now be cleliverec! in multiple 
formats; with expancled full-text delivery, users now have the 
option of PDF or HTM1. delivery clirect from the popular 
UnCover database as well as the traditional fax article 
clelivery. 
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FlipBrowser Golcl users can casily compile e-books on their 
computers, choose their upload Web sites and then have 
FlipBrowser Gold automatically publish the e-books for 
public viewing. FlipBrowser Gold can even inform your 
friends via e-mail, of these published e-books. 

Internet users can view their favourite Web pages in a 
book-like format, with real 3D turning pages. Users can also 
read novels, magazines, view photo albums, brcwse 
catalogues, all in a turning-page, electronic book form. E- 
Book Systems calis such online e-books, FlipBooks. 

FlipBrowser automatically organises all of the Web pages 
that you have viewed into a book-like form with separate 
pages that can be navigated through as you would any book. 
This allows users the ease of flipping to previously visited 
pages with a simple turn of a page. You can even acd 
hookmarks, which appear at the side of the pages of the e- 
hook. 

As an e-book or FlipBook viewer, FlipBrowser Gold can 
view anything that has a book-like form — such as photo 
albums, product catalogues, manuals, magazines and novels. 
You can use FlipBrowser Gold to read a novel, browse a 
product catalogue or view a friend’s photo album stored at a 
remote Wel site. Any of these books will now be viewable 
electronically as iFlooking at a traditional book with a cover 
page, flipping pages and bookmarks. 

As an online sharing tool, FlipBrowser Gold can open a 
folder of HTML and image files anc! automatically compile 
the files into a FlipBook with a thumbnail overview and table 
of contents, You can manually re-order the pages by drag 
and drop, upload the complete FlipBook to the Web for 
sharing and even get FlipBrowser Gold to e-mail your friends 
to inform them of the location of the online FlipBook. You 
can also choose to have your FlipBook listed at 
<www. fliplibrary.com for search anct retrieval by the 
general public. 


March 2001 ELECTRONICS AND BEYOND > 


Tool Mon 


Experien 








eo OE AG a BIE op aby 


itors Online User 


of = actual user 
It does this with bespoke technology that downloads a Java 


<hame> 





“vite map* 


sessions On a Weh site. 


Applet onto the user's PC as part of Web 
pages which are to be monitored and 
analysed. This applet then converses with 
the Prophet server application, co-located 
with the Web server. to collect all events 
that occur while the user intericts with 
the Web site In this way, cach Web page 
MoONLOrs its OWN Use, 

Compeutive Web monitaring 
applications attempl to provide usability 
data by watching the Web servers or 
network Management systems themselves. 
They typically deploy computer scripts or 
even volunteer Web surlers to hit a Web 
site and report results. At best, hese only 
provide anecdotal information on usability 
or performance, basecl on crue statistical 
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speecHtrap.com at <www, speed-trap. com> has launched its 


Prophet sofiware application, which is a Java-hesed, active client- 


side toolkit for use by Internet Web site operators to monitor, 


analyse and replay actual clicnt Web usage in order to optimise 


site design for a better user expericnee. 
Prophet provides a compleure insight into the acrual user 
experience of individuals coming tou Web sile becuuse it 


collects real-time clata on user interaction with Web pages. The 


soliware then permits a wide variety of data analysis — from 
simple clickstream to page auclit trails co real-time replay of 
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FujililmMediaSource.com at <www, fuji fi lmmedi asource. com> 
has won a WebAward lor its ability to demonstrate leadership 
on the Internet, quality of Web development, and an 
advanced level of user interictivity, 

The Web Marketing Association. a consortium of Internet 
experts formed to assess and establish standards for the 
Web. produces the WebAwards. 
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mechitnisms derived [rom sparse or 

iNappropriate cata. None provides actual 
factual resulls as to where and how users moved around 
individual pages. frames or Jorms, what buttons they clicked on 
or whit data they entered. 

By contrast, Prophet allows Web site Operators to specify the 
level of detail they want to record, including individual mouse 
und cursor movements, clicks, keystrokes, butions, selections 
and submits on a page-by-page, minure-by-minture or frame-by- 
frame basis, Prophet even dciecis and reports user environment 
details such as browser window size, browser type and version 
number. 


Adobe GoLive 5 Enables Dynamic 
Web Sites 
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Once upon a time a picture on a Web site was special; anc 
an uniimated GIF was jaw-dropping, Nowacluys, Web-savvy 
surfers are looking for animated graphics, streaming auclio, 
videos. and animations. 

Web sites have hecome more intricate to create und 
manage. Now there’s Adohc GoLive at <www, adobe. com, a 
tool for creating Web sites and Llaking them live on the Web. 

Golive is tightly integnied with other Aclobe proclucts such 
as Photoshop, Mlustrator and LiveMaotion. Phe application 
includes sic planning and management cools for ce-signing 
and maintaining dynamic and compelling Weh sites. 


New Engineering-Community 


Sites Launched 


Browser War Lights Up Again 
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CMP has launched EDTN Europe, an online news, 
information, and design services portal for the European 
electronics inctustry. 

In addition, the Electronics Group has created two, 
specialised engineering community sites — 
CommsDesign.com at <ww.commsdesign.com> and Silicon 
Strategies at <waw. siliconstrategies.con-. 

EDTN is a global online network comprised of CMP 
Media’s Electronics’ 17 news and technology publication 
sites, cledicated engineering community Web sites, and 
exclusive commerce, content and technology partner sites, 

Visitors to EDTN Europe at <waw. edtneurope. com> can 
access all of the online resources of the Electronics Design 
Technology and News (EDTN) Network, al] CMP Electronics 
publication sites, anda proprietary news page for Europe. 


\ (=) a Yel = 
Hard Drive 


Net Tech has become the first UK company to release a 
virtual hard drive system. CcDrive at <www. ccdrive. com> is 
an Online file storage system with a unique interface that 
allows users access to their own online data. 

CcDrive also gives users free software that integrates their 
online storage into their Windows PC making CcDrive 
appear as an extra disk clrive. This means that CcDrive can 
be accessed directly from Windows Explorer or any PC 
application, 

CcDrive is FREE with up to 50MB of disk spuce. Options to 
rent larger amounts of internet space are available from 
&2.99 per month, 
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Operit Software at <waw. opera. com> has unleashed Opera 
5.0 for Windows, making its Web browser availalle for free 
for the many millions of surfers around the world that are 
looking for a faster, better Internet experience. 

With this move the popular browser enters the re-ignired 
Browser War in full force as a third player besides 
AOL/Netscape and Microsoft’s Internet Explorer. 

Opera has long been known as the third browser for 
Windows, with around 1.5 million users. Opera Software is 
now making the roteee available for free as a download, 
but you must be prepared to tolerate a banner ad constantly 
inside the browser winclow. 

The Opera Web browser has been developed over a 
period of 5 years into the fastest, best Internet experience 
available in the market. The speed is achieved both through 
how fast it renclers pages, but also in its functionality. 


XStreamVoice Breaks Audio 
Streaming Code 
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XsureamVoice has developed an audio streaming technology 
solution available today that allows users of the Internet to 
receive streaming audio directly to mobile phones or other 
WAP-enabled devices. 

The XStreamVoice solution is voice activatecl and allows 
customers to personalise a menu of all streaming audio 
content directly to their wireless device. The solution, using 
integrated voice recognition technology, allows for hands- 
free, mobile Internet access to the latest streaming content 
available. 

A demonstration of XStreamVoice'’s audio streaming 
technology is available and a can be viewed at 
<www. xstreamvoice. com>. 
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GEO Interactive Partners With ITN Synopsys and HelloBrain.com Launch 


to Deliver News Videos Site for Complex Chip Design 





GEO Interactive Media has entered into an agreement Lo 
conduct trials with ITN. 

Under the agreement F'I'N will stream its video reports to 
handheld wireless levices via MPEG-4 compliant clips — 
using GEO’s Emblaze Wireless technology. Further, ITN will 
provide live vicleo feeds, as well as video-an<lemand 
headlines, to customers chosen by GEO to participate in the 
trials, 

IN is the UK’s leading commercial news and information 
provicler across all media platforms. The Web site at 
<www. 7tn.co.uk> is known for the quality of its coverage and 
its Innovative use of Multimedia in providing breaking news 
ind analysis to the latest new mecha platforms, from digital 
television to wireless devices. 


Image Enhancement Software 


Available for Mac 





oe - Oh Oise Sw sel 
Sparkle. Twinkle. Smile. 


ern Get amazing quality prints 
from your digital photos. 





The Mac version of OfotoNow provides essential photo 
enhancing and editing tools to help everyone to get better 
looking photos and makes uploading digital pictures to 
Ofolo.com at “www. ofote.com>. 

The new image mampulation application allows members 
to visually select their favourite digital pictures from any 
source, view the pictures one at a time, look at collections of 
pictures all at once or view them in a slideshow. 

OfotoNow also makes it easy to zoom-in, rotate, trim ancl 
remove recl eye [rom photos. Once photos are selected and 
enhanced, OfotoNow enables its members to quickly upload 
any number of photos. 


LookSmart Expands AltaVista 


Relationship 





LookSmart has bcen chosen to provide clirectory services 
for AltaVista Europe. LookSmart has also extenclec! its 
relationship with AltaVista in che US and will integrate its 
directory listings into AltaVista’s search inclex. 

BT LookSmart al <www.btlooksmart.com>, LookSmart’s 
global joint venture with BL} will become the exclusive Web 
directory for AltaVista Unitecl Kingdom. Germany, France, 
sweden, Spain, Italy and the Netherlands. which together are 
used by more than [0 million people in Europe. 

LookSmart will also provide its popular Express Submit 
and Subsite Listings products to businesses wanting to be 
found on the top-ranked European search engine. 
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Synopsys and HelloBrain,com have announced an alliance to 
enable Synopsys customers to accelerate electronic design 
projects, 

The two companies have joinuy launched an online 
exchange where Synopsys customers can post project 
requirements anct source third-party solutions for complex 
IC design, such as test bench creation, simulation model 
development and intellectual property. 

The exchange is accessible immediately at 
<synopsys.hellobrain.conm. 

The Synopsys exchange uses the Internet to provide 
electronic design companies access to a global network of 
third-party solution providers to help them accelerate their 
products to market. The exchange gives these solution 
providers an efficient way to find new business worldwide, 
anc! a means to leverage their proven knowledge of 
Synopsys tools and IC design methodologies. 


Red-M Launches Bluetooth 


News Service 
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Red-M has launched an online news service cleclicatecl to 
Bluetooth called mi-news at <www. red-m.com/m-news>. 
Designed to provide indusury-watchers with the latest 
information on Bluetooth, m-news will be live from 18th 
December and is free of charge Lo registered. users. 

Red-M has teamecl up with global online news service, 
Lexis Nexis, to deliver this first of its kind service. Via e-mail, 
users will receive regular updates with hotlinks leading to m- 
news. which will be hosted on the Red-M Web site. 

M-news will provide information on the latest 
clevelopments in Bluetooth technology, new products, 
industry comment and breaking news. 


MSNBC.com Rated the Leading 
News Site 


Vedsted (BNE RD 200 7,20 


\ 
. { 
BS Hicraccanricoesnapnytee Shaxeeeres 


Mideast peace effort hinps ahead 
+ Both sien agree Io Contows precese 
Wiidlire rages near Sau Diego 
* Wind-fueled blaze cestioys homes 

; Son, Chovten jurtps to bead of line 
Fed vate ut apa + Security trvinps seniority 6 photo op 
1&% rally ¢ in Hasatag Rappers lead Giammy nods 

biggest gare eves * Dr Dre gets §, Ernriom 4 
Mawr covnts te tate Re Stock market update 
" ee 
* handet Comecete 2o'om tee 





en PAS ACK LORS 
+ MAC cnet Malas Gencrimenabor trad 
* Scoop’ Sen Clever 4 phe bredar 
* Thotroay ure CA LOGE» Petwork 
* taly feark Saban ww espana 


Picking the 


Or 





+ Your MENBO + MSNBC Awads 
Cre + Broop' email 
© MEHOG Moboe + Lofters in MaNae 
 Qubhe Le wap 8+ Come 


MSNBC.com at <www.msnbc.com> is the leading news site 
for the month of November according to the most recent 
data compiled by Media Metrix. MSNBC.com set a new 
record for total monthly users with more than 12.3 million 
unique users logging onto the site through the course of the 
month for continuing coverage of the Battle for the White 
House. 

According to Media Metrix, MSNBC.com maintained its 


standing as the primary source for news on the Internet over 


the competition in the combined Home/Work audience. 
‘Total traffic for the month represents a 30% growth in 
audience from the previous month and a new recorel for 
total monthly traffic. MSNBC.com remains at the top of the 
General News category with 12.3 million unique users in 
November, ahead of CNN.com. 


AOL Launches Upgraded Version 


of AOLbyPhone 
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AOL at <waw.aol.com> has announced the Jaunch of new 
features and functionality for its AOLbyPhone service, giving 
AOL members even more ways to communicate, transact 
ancl stay informect while they are away from their computer. 

This new version of AOLbyPhone now includes enhanced 
e-mail, shopping, sports, finance ancl international weather. 

AOLhyPhone enables AOL members to check their e-mail 
and access other popular AOL features conveniently through 
simple, spoken comman«ls from the most ubiquitous of 
communication clevices, the telephone. 

An important component of the AOL Anywhere strategy, 
AOLbyPhone provides simple and convenient access to 
popular AOL applications like news, stock quotes, weather, 
and e-mail from any phone. 


Euroseek and RealNames Help 
Navigate the Web 
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A co-operative deal between Euroseek anc RealNames gives 
the users of Euroseek.com the ability to search for specific 
Web sites using Internet Keywords; an [Internet navigation 
system that transports people directly to locations on the 
Web. 

To use Internet Keywords in the Euroseek.com search 
engine, users simply type an Internet Keyword into the 
search box. Ifan Internet Keyword! is availabie, 
Euroseek.com will feature the RealNames result at the top of 
its search results. The user simply clicks on a selectec| 
Internet Keyword to go clirectly to the Web page for the 
information they are seeking. 

Euroseek at <www. euroseek. com> is one of the leading 
European Internet services. Euroseek provides Internet 
access with wircless/fixed broadband connection, portals 
with their own search engines, information, multimedia, 
entertainment, services and e-business for all Europeans. 

RealNames at <www.realnames .com is a market leader in 
Internet Keyword navigation, develops and markets products 
and services that simplify Web navigation, transform brands 
into interactive response vehicles, and increase relevance of 
search results. 


Shopping While You Work 





Almost half of all online shopping is done from work, 
according to Nielsen/NetRatings at <www.nielsen- 
netratings.com>. 

The study points out that if employers were to crack down 
on personal computer use in the workplace, the fledgling e- 
commerce sector could suffer a major blow. Certainly many 
work-shoppers would adjust to browsing online stores at 
home, despite the lower connection rates delivered by 
typical dial-up access. 

But those shoppers who access the Web only through 
work because they have no PC at home would be cut off 
completely, resulting in a possible 30% drop in e-commerce 
revenues. 
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Siemens Researchers Devel op New Scientists ai Sicimens at <www. siemens. com> have developed 
Software Technol ogy | a filrer technology for Web browsing able to rranslate ILTML- 


based documents into audio. The user dials up a number 
using 2 phone and listens to ZYX’s Web site. 

Perhaps the greatest benefit of this new software 
technology is that it holds promise for increasing access fo 
the Web far the blind and visually impaired. 

YoxPortal is believed to be the first stanclarcls-based voice 
browsing system with a vencric solution for dynamic HTML. 
ai i (Hypertext Markup Language)-to-VoxML (Voice Xtended 
Markup language) conversion. VoxM]. is a standard markup 
language. first developed by Motorola, for specifying the 
dialogs of interactive voice response applications thal feature 
speech syithesis and recognition technologies. 
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VoxMI., the VoxML converter will bricige that gap between 
voice and Web domains. In acldition. interactive voice 
browsers olfer an alternative i those who are blind to 
access the Web. 

Also, voice browsers offer mobile access to the Web using 
a wide range of consumer devices. This technology can 
facilitate a safe. hands-free browsing session, important to 
both car drivers and others. 
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which means that friencls anc 
associates can also access the 
allocited files. 

Il you're thinking of buying a 
new car, first stop is to locate the 
one you want. Checkout What Car? 
Online, al 
<http: //www.whatcar.co.uk> for 
such details. You'll probably be 
selling an older car at the same 
ume, so need some information 
Reopen ee : © about how much you can expect to get for it. Thy Carprices, at: 

Soa Sweets fi | <http://ww.carprices.co.uk> where you'll find details of 
some 130,000 cars. [t's also worth checking out Parker’s Online, 
at: <http: //www. parkers.co.uk/>. 
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Astronomers anong our readers might appreciale NASA's 
Astronomy Picture of the Day Web site, at: 
<http://antwrp.gsfc.nasa.gov/apod>. ‘The picture is changed, 
daily, and Jestures an explanition describing what the picture is. 
Several Inturner sites have sprung up Uiat allow 
users to store files in a personal storage area — the ree 
idea being that files can then be accessect fram 
anywhere worldwide with an Internet connection. 
Some of these sites are good, some noi so good: 
some ure free. and some not free. One of the best 
fand free, to boot) is -drive.com, where cach 
registered user has a personal space al 30Mb. You 
can create vour free -dtive account at: 
<http://www.idrive.com>. You can also allacue 
part of your storage space as publicly accessible. EE —— 
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advances were built. The next generation of 
theorists began to examine the properties 
of what would shortiy be termed 
semiconductors. 

In the US, the principal centres of this 
research were evolving by the early 1930s, 
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one at the Massachusetts [nstitute of 
coe the MIT, the other at Princeton. 
In the UK, there were also two centres 
where this sort of research was carried out. 
One location was Bristol Universily, where 
Neville Mott and Harry Jones were the 





by Gregg Grant principal investigators. The other was at 








he 1920s ancl 1930s are remembered 
- if at all - for the Great Depression 
and the myriad problems it broughe. 
One such problem was that there was 
virtually no capital available for investment 
in technical developments and, even if 
there haci been, its questionable if it would 
have been allocatecl for projects aime! at 
reducing the size of things. 

At this time the valve was king, new types 
of the component being brought out on a 
fairly regular basis. The Pentocle for 
example - developed by Tellegen anc Hoist 
at Philips tn Eindhoven - was a child of this 
period. More co the point the valve, for its 
purpose, was considered satisfactory by 
both the radio manufacturing industry and 
the general public. 

For those fortunate enough to be in 
work during this period, che cosy 
relationship between manulacturer ancl 
customer worked to the advantage of both. 
One of the most patent symbols of the 
importance of a job was the radio set in the 
living room. As Figure 1 illustrates. this was 
‘large unit, frequently amounting to a 
piece of furniture. 

Figure 2 illustrates one of the acdlvertising 
starts of the period, much ol which 





Cambridge University, where Alan Wilson 
was also examining the physics of 
semiconductor materials. 

Both Mott and Wilson began by 
attempting to understand the action of the 
metal/semiconcuctor rectifier, of the type 


Figure 1. i invented by Grondahl and Geiger . 

Wilson thought that the action was a 
revolved around the ‘more is : quantum mechanical ane, in which the 
better’ theme, where the : charge carriers ‘tunnelled’ through the 
number of valves in the narrow ‘response curve’ -a mere 107 cm 
equipment signified hut one 7 wide - of Figure 3. This concept seemed to 
thing: quality. Therefore : indicate that the direction of low resistance 
developing smaller to current flow - what woukl come to be 
components using less power - termed the Forward direction - was from 
whether a valve, capacitor or : metal to semiconductor. 
anything clse - sent entirely the In fact this prediction by Wilson was 
wrong indicator to the : exactly the opposite co chat observed and 
marketplace, in fact the sortof | later experiments indicated that the barrier 
signal the crystal set racliated: | width was around 10° cm. which suggested 
poor quatity. ; that tunnelling was not the explanation for 

Nevertheless, the period was | the rectifying action. Mott - and 
not entirely barren where | inclependently the German rescarch 
scientific and technical | engineer Walther Schottky - put forward a 
aclvances were concerned. It : different explanation, that the majority 
was in this period for example that the carers were thermally agitated over a 
theory behind what woulc later be called : wider barrier, one in the region of 10° to 


semiconductors was 
developed and the 
first (ransistor patents 
were filecl. 


The Theory Men 
Between 1926 ancl 
1932, a number of 
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as Rudolf Peierts and 
Arnold Sommerfeld. 
As a result, there 
devcloped a basic 
quantum theory of 
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METAL 


Fermi level 


Equilibrium 


10* cm. Their concept is illustrated in 

Figure 4. This is essentially a ramp in which 

- in equilibrium - the electrons on both 

sides of the divide see the same barrier 
height. When, however, a negative voltage 
is applied on the metallic side as Figure 4b, 
it raises the electron energy levels in the 
metal relative to those in the 

semiconductor. 

The result is an increase in the barrier 
space charge and the semiconductor 
electrons ‘see’ an increase in barrier height. 
Therefore electron flow from the 
semiconductor to the metal decreases. 

Conversely, the application of a positive 
voltage to the metal as in Figure 4c, 
decreases the metal’s electrons energy 
levels in comparison to those of the 
semiconductor material, so that its 
conduction electrons ‘see’ a barrier that has 
been lowered. The result is a considerable 
increase in current flow in the forward 
direction, from semiconductor to metal. 

Although both the Wilson and Mott- 
Schottky theories had their faults - one of 
which was that both hypotheses took no 
account of the role of minority carriers - 
they were among the earliest attempts to 
explain the metal/semiconductor forward- 
reverse conduction mechanisms. This then 
paved the way for the later, American work 
on the development of the transistor. 

In fact by 1931, Alan Wilson was using ‘. . 
the so-called! band theory to stucly the 
processes by which conduction occurs’? in 
semiconductors and this groundbreaking 
work remains the basis of our 
understanding of semiconductor operation. 
His theory gave us the concept of doping 
semiconductor material with precisely 
measured amounts of impurities, which 
produced what he termed defect and 
excess types of semiconductor. 

Ten years after Wilson’s research Jack 
Scaff, a Bell Laboratories (Bell Labs) 
metallurgist, renamed these substances p- 
type and n-type, the names by which they 
are known today. 

By early 1935, Bell Labs had decided to 
Carry out research into electronic 
conduction in solids, the Bell believing that; 
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‘.. the knowledge of materials and 
processes acquired will ultimately be of 
value in the solution of engineering 
problems.’ * This research triggered a new 
interest in crystal detectors, Bell wishing to 
develop ‘. . a crystal detector for 
microwaves because vacuum tubes would 
not work at those frequencies.’ ' 
Consequently one of Bell’s raclio 
engineers, George Southworth, asked his 
metallurgist and chemist colleagues if they 
could produce silicon whose properties 
would be more controllable and 
preciictable than that used in the ‘cat’s 
whisker’ radio detectors. Whilst Bell Labs 
concentrated on silicon, a research group 
at Purdue University, led by Professor Karl 
Lark-Horovitz, investigatedl germanium, 
with a view to using the material as a radar 
cletector. Yet this period was not one of 
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theory entirely. Two German researchers 
actually applied for patents for solid state 
devices at this time, one in the US, the 
other in the UK. 


The Patent Men 

In March 1928, Dr. Julius Lilienfeld filed a 
patent application with the US Patent Office 
for what he termed “a device for 
controlling electric current.” 

Patent No. 1,900,018 was subsequently 
granted on the 7th of March 1933 for the 
device illustrated in Figure 5. This has had 
the letters G, S and D added, mimicking 
the current field-effect transistor 
terminology of Gate, Source and Drain. 

The materials used were unusual, to say 
the least. The Gate - 10 in the illustration - 
is made from aluminium and insulated by a 
film of aluminium oxide, 11. The p-type 
semiconductor - 12 - is made from cuprous 
sulphide and is of molecular thickness at 
the point shown as 13. The Source and 
Drain contacts are shown as 14 and 15 and 
are electrical conductors. Both they and the 
semiconductor were vacuum evaporated. 
How well did this early quasi-transistor 
work? 

In 1964 J. B. Johnson, the discoverer of 
‘Johnson Noise,’ who was - at that time - a 
physicist with the Instrument Division of 
Thomas A. Edison Inclustries attempted to 
find out whether Lilienfeld’s device would 
incleecdl work. 

Johnson had his doubts since - despite 
his having carefully followed Lilienfeld’s 
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specifications - he noted that no 
amplification or even modulation took 
place. He thought that one reason for this °. 
. was probably the very low mobility of 
holes in the Cuy$ (~ 1lcm’V-sec), and the 
effect of surface states on the free surface 
of the film.’ * 

In 1991, another experimental effort was 
mace toe create the device outlined in the 
Lilienfeld patent. In his Master of Science 
thesis for the University af Vermont, 
entitted Th invention of the transistor, Bret 

rawford set out to reproduce the original 
using the same materials as had been 
available in the late 1920s. 

Faithfully adhering to the patent, 
Crawiord did procuce working models, 
although their performance was less that 
spectacular, they being unstable. Cuprous 
Sulphide as a semiconductor was simply no 
match for the present-day, purified ancl 
carefully doped silicon. Nevertheless, 
Crawford suggested that Lilienfeld actually 
did manufacture the device he described in 
the patent, as well as theorising about it 
because his - Crawlord’s - own observations 
were close to those of Lilienfelcl, as 
described in the patent application, 

Four years later another American 


Figure 6, 


physicist, Joel Ross, looked into the Lilienfeld 
device. Ac the Spring meeting of the 
American Physical Society, Ross presented his 
paper Reconstruction of a Lilienfeid 
transistor, in which he - like Crawford - 
followecl the prescriptions of the original 
patent. The clevices Ross procluced, whilst 
they remained stable over a considerable 
period and did incleecl demonstrate the field 
effect, hacdl poor conductance due - he 
thought - to surface states. 

In 1945 the University of Berlin’s Oskar 
Heil filed a patent application in the UK for 
what he termed Improvements in or 
relating to Electrical Amplifiers and other 
contro] arrangements and clevices. His 
concept is illustrated in Figure 6. 

The section annotated 3 in the drawing 
is a very slim area of semiconductor 
material such as cuprous oxide, iodine, 
vanadium pentoxide or tellurium, whilst 
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DBYICE FOR CONTROLLING ELECTRIC CURRENT 
Filed March 29, 1928 : 


Figure 5. 


Lhe even smaller areas clesignated | and 2 
are ohmic contacts. 

The area above the semiconductor 
mitterial annoraled 5 is a metallic control 
electrode which is insulated - 4 - from the 
semiconductor. In his 
explanation, Hei] outlined! 
how a signal applied to the 
control electracde 
modulated! the 
semiconductor’s resistance, 
producing an amplified 


the current meter. 

Today, this device would 
he termed a Unipolar field- 
effect transistor having an 
insulated gate or, to give it 
its common abbreviation. an 
IGFEL 

In 1939, William Shockley 
at Bell Lahs wrote in his 
workbook that it*., occurred to me that an 
amplifier using semiconductors rather than 

‘acuuun is in principle possible.” * Yet 
another decade would pass before the 
transistor was invented anc it would be the 
early 1960s belore a commercial field effect 
transistor became available to the 
electronics industry, Why? 

The most obvious problem was the 
material itself, The first thing to note about 
stlicon ts that it is NOT a metal. It comes 
from silicon dioxide, in 1s familiar form of 
quartz, and is produced in electric arc 
furnaces. The silicon produced, via the 
reducing agents woocl chippings and coke, 
is over 95% pure. The ubiquitous silicon 
chip is created by crushing the product of 
the furnace *.. 10.a powder and then 
[leaching it] in hydrochloric acid, forming 
the compound SIHCly. The compound is 
then treated with hydrogen; extremely 


signal, which is registered by 





pure silicon is formect.’ ° 

The above of course is the modern 
method of producing the material on 
which the electronics industry has 
depended for the tast half century or so. In 
1939 however Russell Ohl. an electro- 
chemist turned raclio engineer working at 
Bell Labs, found that contract between the 
silicon material and a ‘cat's whisker" 
rectified in one direction and then, 
suddenly, in the opposite direction, 

Ohl decided that the way ahead tay tn 
purifying silicon by meiting it, and he 
became the first engineer to discover that 
special furnaces would be neecec! to da this. 

In the autumn of 1939, Ohl turned to 
two metallurgist colleagues. Henry 
Theuerer and Jack Scaff, and asked them to 
purify the silicon. In the course of doing 
this, Scaff and Theuerer confirmed what 
Ohl had already discovered, namely that 
the direction of rectification varied! from 
one silicon ingot to the next. Obviously, 
more research was needed on this, at times 
suange, material. 
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here’s no dauht that DVDs (cligital 
versatile discs) are becoming more 
and more popular. They are, if you 
are not aware already, a means whereby 
movies are recorded on a disc, the same 
size as a conventional CD. To view them, 
you need a DVD player ancl television, or a 
computer with a DVD clrive of some 
description. To say that DVDs are 
becoming popular is actually a huge 
underestimiution. Like videocassette 
movies, millions of DVD movies are being 
sold worldwide each year. Unlike 
videocassettes however, sales of DVDs are 
increasing rapidly, so it won't be long at all 
before videocassettes are regarded as old 
technology and virtually worthless, All the 
major movie rental organisations now 
stock DVDs, and just about every 
high-street oudet has sales stands of DVDs 
at Jeast as large and prominent as their 
sales stands for videocassettes. Many 
public libraries now even hire out DVDs. 

But DVDs aren't the only way to view 
movies on computer. There is another 
method, based on a little known standard 
called Video CD (VCD), which allows 
ordinary compact discs to be used to hold 
movies (or any other form of victeo 
concent). As the Video CD standarcl uses 
ordinary CDs, virtually any computer that 
has a CD drive can access and play the 
movies Gl computer needs a DVD crive to 
play DVDs, of course), Also.o many 
standalone DVD players can access ancl 
play Video CDs. So, as far as the end-user 
is concernect, cost can be held ta a 
minimum, Video CDs are actually quite 
popuhkir in Asia, where most Movies are 
available on the format but, as yet. it’s not 
too popular here, and that’s a shame. 
Perhaps it’s time for the format tao become 
more popular, as il has some very 
important acivantages. 

There are differences in quality between 
DVDs and Video CDs that need to be 
considered. Both are based on the use of 
MPEG compression to create the avo 
formats, DVDs use MPEG-2 compression, 
while VCDs use MPEG-1. Ultimately 
though, its not the compression type that 
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makes the difference in quality, it’s the fact 
that DVDs use a larger Irame size of up to 
720 x 476, while VCDs use 352 x 288 (these 
sizes are for PAL-based movics — NTSC 
movies vary a little). DVDs use interlaced 
vicleo. As such, with around twice the 
resolution horizontally and vertically DVD 
videos hold something like four times or so 
the information that their VCD 
counterparts hold. 

Naturally, this information clifference has a 
direct impact on the picture quality the 
viewer perceives. Put bluntly. whereas DVD 
allows excellent quality reproduction, VCDs 
have a picture quality which is capable of 
being superior lo videocassette — but still 
nowhere near as good as DVD. So they might 
nat stack up against DVD quality, but they 
have a distinct advantage over videocassettes 
in that the image — being digitally recorded 
— doesn't deturionite with time. 

But quality isn't everything if you look at 
what VCD is capable of. The ¥CD format 
means that a standard 650 Mb CD can hold 
up to 74 minutes of video, while a 700 Mb 
CD can hokl up to 80 minutes of video 
(most movies therefore require two VCDs). 
Of course, these are ordinary CDs, so 
theoretically anyone with a computer ancl 
CD-writer can produce their own VCDs, On 
the other hand, it takes a significantly 
greater investment in equipment to 
produce DVDs. 

The technique to creating VCDs is 
actikuly quite straightforward. Often CD 
burning saftware has the stanclard built in. 
Adapiec’s Easy CD Creator (Windows-based 
software) for example. as well as che 
company’s ‘lost (Mac-bised soltware) 
both allow the creation of VCDs. as do 
many other Cl) creating programs. All the 
user has to provide is the video content in 
the correct MPEG-1 format. 

This, unfortunately, isn’t quite as easy us 
it sounds. In general. computerised video is 
creaied in a format native lo the computer. 
Windows computers might stare video in 
AVI format, for example, while Macs 
generally use the QuickTime tormat. Thus, 
aly video that is created on a computer by 
recording from a cameorier, say (there 





have even been reports of people using the 
video from DVDs!) would normally have to 
be encocled after creation and prior to 
writing the VCD. Encoding to the MPEG-1 
format isn’t necessarily a difficult task, but it 
does tend to be very slow unless you throw 
money at ic. The cheapest methods are 
based on software encoders (many of these 
are freeware, or shareware). However, a 
software solution is not ideal. Given that a 
typical computer might encode something 
below 5 frames a second, ancl that there are 
25 frames for each second of movie, then it 
doesn’t take a genius to work out that at 
least 5 hours of processing is required to 
encode each hour of vicleo into the 
MPEG-] format. Couple this with any other 
processing tasks that are necessary, such as 
multiplexing separate audio and video files 
into a single file, decoding any already 
existing MPEG files into a native computer 
standard and it’s not hard to see that 
creating a VCD is not a task to be taken 
lightly. 

There are harclware solutions, in the 
form of MPEG encoder cards that fit inside 
a computer. These can greatly speed up 
the encocdling process, and there are some 
hardware products that can even clo the 
encoding in real-time (that is. an hour’s 
worth of video will encode in one hour). 
However, these generally require a 
powerfttl computer to drive them, so they 
are nol the cheapest of methods and toa 
large part, counteract the advantage of 
cheapness of VCDs in the first place. 

Nevertheless, the Video CD format is a 
viable proposition for many people. They 
are relatively easy to create, and they are 
definitely easy to use, The VCD standard, 
on the one hand, cannot produce a 
particularly high quality display. On the 
other, it is sufficiently good that many 
users Might not even notice the difference 
between VCDs and DVDs — particularly if 
the television usec! to display the movie 
isn’t of a particularly good make. For many 
peopie VCD may he all that’s required, 
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information ancl advertising clisplays of all 


i kinas, The profits that are being made 
: toclay are as nothing by comparison with 
f «the potential profits from the replacement 


of the CRT and the realisation of all the 


7 possible applications that the CRT cannot 

: address. 

Potentially, just about everything could 
have a clisplay - whether it was necessary or 
| nat. [t will he a case of ‘ifit can be done, it 

: will be done’; it may be irrational but that, 
as they say, is progress! tt may really prove 

7 to he an advantage over existing methods 


or provide a display where there were no 
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One such application is smart card 
displays. Apparently over 650 million 
microcontroller-basect cards 
were produced in 2000, anc 
twice that many would be 
produced in 2002. Gemplus is 
the market leader with a more 
than 40% share of the market; 
and they and Alien 
‘Technology have signed an 
agreement to produce smart 
cards with displays. 

This is made passible by 
Alien’s Fluidic Self-Assembly 
(FSA) technology. The FSA 
process allows transistors and 
integrated circuits produced 
on standard wafers to be 
micromachined apart and 
literally floated into place 
across 4 large surface area. 
This makes it possible to 
employ continuous flow 
roll-to-roll (web) processing. 
while still meeting the physica! 
demands of smart card 
applications. The Gemplus 
display will be Alien’s first 
volume product. Alien is 
designing a high volume, web 
factory that will begin operation in 2001. 





he flat panel display (FPD) market is {| Figure 1. Artists impression of FSA 
beginning to get lively, with : NanoBlocks and receptors. Production for Gemplus is scheduled to 
, B 2 ; Picture: Allen Fachnotofy. mes 
companies springing up and doing : begin in late 2001. 
deals with or being taken over by existing, | anyone to see. Small displays are appearing {| ‘The FSA process is similar Lo the child's’ 
larger companies. At the same time the on everything from camcorders and still : educational toy, with shaped blocks chat fit 


technology is diversifying, with new ways of 
doing old things or completely new 
technologies. Much of the latter is coming 
out of the universities, ancl cither going to 
existing companies or into companies 
spun-off from the universities themselves. 
The large companies have their own 
research programmes, but these tend to 
reinforce what is already being produced - 
d refinement of the product and the 
production processes - rather than devising 
something that is novel. This is hardly 
surprising given the investment that exists 
in planc ancl machinery, the skilled 
workforce, and the contracts to supply the 


cameras, mobile phones, personal stereos, 
remote controls, various types of meters, to 
travelling clocks, 
The larger displays 
have mide 
portable 
computers 
possible, ancl are 
now being solcl as 
space-saving 
dternatives to 
desktop monitors: 
while still larger 
clisplays are 
providing large TVs 





into correspondingly shaped holes. Only in 
this case what Alien has termed! a 


‘NanoBlock’ varies 
in size from just ten 
to several hundrecl 
micrometres, ancl 
the hales, or 
receptors, can 
number in their 
thousands (Figure 
| shows an artists 
impression of the 
NanoBlocks ancl 
surface receptors). 
The wafers are 


existing products to customers. : of reasonable procucec for Alien 


Figure 2. NanoBlocks on a Dime. 
The reason for all this activity is plain for : proportions, and Picture: Allen Technology. in commercial 
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Figure 3a. Metallised NanoBlock. 


Pictura: Allen Technology. 





CMOS foundries; with each containing 
hundreds or even millions of devices. 
These are tested. Then separated by Alien’s 
proprietary process of etching, shaping and 
freeing into NanoBlocks having specific 
three dimensional shapes (Figure 2 shows a 
microphotograph of 70 and 185um 
NanoBlocks laid on a Dime coin). Ina 
separate process the substrate has 
receptors punched, etched or laser clrilled 
into it, according to the medium, that 
correspond to the shapes of the 
NanoBlocks, 

The NanoBlocks are then suspended in a 
fluid, which is run over the prepared 
substrate, and the NanoBlocks drop into 
the correspondingly shaped receptors. The 
ratio of NanoBlocks to receptors is typically 
in the range of 5-10:1 - fewer will slow the 
rate of fill, while more will only achieve 
diminishing returns (the filling process 
typically takes 30 seconds to 2 minutes). 
Those NanoBlocks that do not find their 
way into receptors are collected up, 
drained, cleaned, and put into cleaned fluid 
to be sent through the system again. The 
fluid is water-based (although, not 
essentially so), with additives that are secret 
but act to adjust the viscosity of the fluid, 
preventing the NanoBlocks from clumping 
together, and bond the NanoBlocks in the 
receptors when the substrate is removed 
from the fluid and dried. The NanoBlocks 
are then electrically connected using 
standard metallisation techniques to 
produce the fully integrated system (Figure 
3a, shows a Microphotograph ofa 
passivated metallised NanoBlock and 
Figure 3b, a 3x4 subsection of a metallised 
array Of NanoBlocks on a glass substrate). 
These can be used as they are, or go 
through the process again to procduce 
larger, composite NanoBlocks. 

Figure 4 shows the complete FSA 
process. This has been proven on small 
substrates - Alien has been able to 
consistently fill a 3in square substrate with 
11,000 IC sites; and it is believed to be 
easily scalable and able to fill much larger 
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Figure 3b. 3x4 subsection. 
Pécture: Allon Fochnofogy. 


substrates in a full production process. In 
order to maintain the filling times then 
multiple fluid delivery heads will be spread 
across the substrate area. The subsequent 
process steps, of depositing metal over the 
NanoBlocks and patterning interconnects 
to produce a functional active matrix, have 
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Depending on the size and complexity of a 
display anything from dozens to thousands 
can be produced from a single Gin CMOS 
wafer. And it is not confined to LCDs, any 
type of display that can overlay an active 
matrix is suitable. The FSA process is also 
not confined to displays; but can be used 
wherever a lot of small components need 
to be relatively quickly and inexpensively 
assembled to produce completed systems. 

Flexible plastic substrates and web 
produced displays have been sought for 
some time, because they obviously open 
the way to all sorts of new applications or 
refinements of existing ones - and to high 
volume production. But there are other 
means of achieving them. 

Philips Research has clemonstrated a 
display in which each thin film transistor 
(TFT) in the active matrix is based on a 
polymer semiconductor. Again, there is also 
a cost aclvantage, with fewer production 
steps required, and not quite such a clean 
‘clean room’. In this Philips display only the 
semiconductor part of the transistors 
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Figure 4. Complete FSA process. picture: ation Technology. 


also been successfully demonstrated. 140 
pixel flexible display demonstrators have 
been produced on a PET substrate using a 
polymer dispersed LCD (PDLCD) material. 
This low power, high contrast, highly 
reflective display cloes not rely on 
polarisation to achieve tonal gradations - 
which would be unsuitable for a flexible 
display because colour and contrast would 
change with the viewing angle, but instead 
uses the alignment of molecules. 


i ELECTRONICS AND BEYOND March 2001 





consists of polymer and the transistors are 
procluced on a solid substrate. However, 
the same research group has alreacly 
demonstrated all-polymer transistors on 
flexible substrates; and all-polymer TFTS are 
currently being incorporated into the next 
prototype display. 

The present one is a 1.5in square 
reflective PDLCD type, with the 64x64 
pixels either scattering light when the 
molecules are not aligned or being 





Figure Sa. Polymer transistor PDLCD display. picture: philips Research. 


transparent when the molecules are 
aligned by an electric field (Figures 5a ancl 
5b show the display in two of its 
complementary states). The relationship 
between applied voltage and resulting 
contrast prevents multiplexing and, thus, 
passive matrix clriving - hence the TFT 
tctive matrix (which represents a major 


Potmer layers 


Figure 6. Light Emitting Polymer construction. 





part of the cast with conventionally 
produced TFS). However, it does enable 
clirect control of each pixel, whereas with 
passive matrix the pixels are acdclressed by 
the intersection of rows and columns only. 

Polymer transistors tend to be larger and 
slower than their silicon cousins. The 
speed is perfectly adequate for cisplay use. 
The size, however, will reduce the active 
area of the pixel in transmissive clisplays, 
reducing the light output. Reflective 
displays and those that generate their own 
light are not affected. 

Philips is also working on emissive 
PolyLED displays (short for polymer LED, 
which is also known as PLED, or Light 
Emitting Polymer |LEP] by the inventors 
Cambridge Display Technology - a spin-off 
company to commercialise research work 
done in the University. All rhe names for 
the organic electroluminescence display 
technologies can he lumped together 
under the generic tite of organic LED 
[OLED ]), 

Both CDT and Philips have shown LEP 


modulation. 


displays in which the conjugated polymers 
have been printed onto a substrate using 
an inkjet process, insteacl of the more usual 
spin coating. This printing process is 
limited only by the size of the substrate; 
which can be rigid or Nexible (being an 
emissive technology there is no problem 
with the viewing angle in the latter case). lt 


with Seiko-Epson, the display 
consists of bw organic polymer 
layers, one a conducting layer 
covering all the pixels, the other, 
the light emitting layer consisting 
of red, green and blue pixels. It is 
an active matrix display, with each 
pixel aclclressedl separately by a 
digital driver using pulse width 


Conjugated polymers provide 
light emitting and charge 
transporting/injecting layers in 
the LEP Adjusting their 
material properuies gives 
colours fram blue to rec. 
The light emitting layer is 
sandwiched between an 
anode - normally i 
thin, lransparent 
laver of inclium tin 
oxide caated onto 

Figure 7. Mobile 


phone with OLED 
dis play. picture: motorota. 


Figure 5b. Polymer transistor PDLCD display. picture: Philips Recoarch. 


the transparent substrate at the front, and a 
cathade - which can be made of any 
conducting material (see Figure 6). In 
oOpenition the anode and cathode inject 
holes and electrons respectively into the 
light emitting layer, where they form 
excitons which release photons as they 
decay and recombine. The second polymer 
layer acts as an electron transport layer. 
LEP technology offers a number of 
advantages over LCD, Only a low voltage is 
2.5in clisplay required (the display is current driven); 
consisting Of 200x150 and the power consumption is 
pixels with 16 grey a considerably less than an LCD 
scale levels. be > with a backlight (LEP can 
Produced in Sree Bm also be used asa 
conjunction backlight for LCD - rigid 
or exible). Of course, 
no backlight is required 
for LEP; ancl with 
homogeneous light 
emission effective use is 
macle of the pixel size. 
The brightness and 
contrast are preater. Its 
response times are faster 
- measured in 
microseconds rather than 
milliseconds, thus allowing 
higher refresh rates. The 
displays are slimmer ancl 
lighter than baclit LCDs. And 
they shoul be quicker and 
easier to produce. 
CDT and Covion huve formed 
the Polymer Display Alliunee 
(PODIA), with the intention of 
making available all the necessary 
technology from polymer materials, 
device architecture ancl process 
know-how through to device prototyping 
to Companies wishing to evaluate LEP 


is also greater than 
LCI) in any case. The 
CDT prototype is a 
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display technology. 

Incidentally, going back ta 
inkjet printing of clisplays, 
polymer transistors have also 
been inkjet printed, in a co- 
operative effort by Cambridge 
University, the Cavendish 
Laboratory, Plastic Logic 
«another University spin-off) 
and Seilko-Epson, So both the 
active matrix and che light 
cmitting layer will be printed 
onto the substrate in furure 
developments. In the present 
case the source, gate and drais 
were printed using 
poivethylene dioxythiophene, 
while the semiconductor laver 
of fluorine bithiophene 
copolymer anc the insulating 
polymer of pol vinylphenol 
were spun onto the substrate - 
and the 54m gue was 
lithographically defined in advance. 

OLEDs in gencral are causing grea 
interest among manufacturers. Kodak and 
Sanvo have jointly producecl a 45.5in active 
matrix display with 320x240 pixel 
resolution, using che Kodak invented 
sublimed molecular films organic 
luminescence technology combined with 
Sinyo's expertise in low tempuralure 
polysilicon TRY technology. The principle is 
similar to that of LEP with the injecuon of 
electrons and holes that recombine in the 
RGB emissive luyer to pracluce photons. 
Beiveen the 
organic emissive 
laver ancl thie 
indium tin oxide 
anode there are 
organic hole 
injection and hale 
reinsport layers, and 
between the 
cathode ancl 
emissive layer an 
Organic electron 
transport laver. The 
organic materials 
may include ‘small’ 
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molecules or 
‘macro pokhmers: in 
ihe former case the 
clisplay will be 
constructed! using vapour sublimation for 
thin film deposition; in the kuter case 
solvent coating techniques will probably be 
used The emissive laver is doped with a 
sul amount of fluorescent molecules to 
enhance the eufliciency of the 
vlectroluminescent process and control the 
colour output. 

OLEDs are expected to take an 
increasing share of the small screen market 
in camearders ancl sall cameras, personal 
digital assistants, and mobile phones from 
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arrangement, pteture: Fujitsu. 
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Figure 9a. Conventional Plasma line 
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Figure 8. Tiled AMLCD display. 


Picturo; Ralnbow Displays. 


LCDs (Motoroli has recently launched a 
phone with an OLED colour display 
sourced from Pioneer - see Figure 7, And it 
is anticipated that in 2005 between 30-10 
percent of 3G phones sole will have OLED 
colour displays), Cokour being necessary to 
provide the legibility lor all che additions 


services thac will be provicled on mobile 


phones. And single colour passive displays, 
those tor clocks ancl instruments, can be 
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easily ancl inexpensively achieved. While 
further developments in full colour cisphiys 
will cdlow screen sizes that encompass 
sub-notubook and notebook computers, 
then desktop displays; with fui ther : 
improvements bringing small, medium and: 
eveutuiully large wicdlesereen TVs - ancl, 
ultimately, high definition wall-hung TVs. 

This lucrative potential has led toa 
number of small compnies that possess 
the technological know how being taken 
over by large companies who clesire to 
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Figure 9b. High definition Plasma line 
arrangement. Picture: Fujitsu. 





have it, One such being LINIAX 
Corporation, a company that was formed 
to commercialise the early work that was 
being clone on polymers at University of 
California, Santa Barbara. fts new owner, 
DuPont Displays, will combine its own 
flexible substrates, barrier coatings, web 
manufacturing, polymer synthesis and 
manufacturing, cleetronic inaterials and 
pixellation technology with the intellectual 
property of UNIAX to develop flexible 
displays, 

But LCD technoloyy is not standing sull. 
And OLED, in its 
varlous 2uises, is Not 
the only technology 
whose proponents 
claim it to he the 
replacement for both 
LCD and the CRT 

LCD is the more 
vulnerable of the two 
because, although 
prices ate falling, it is 
inherently expensive to 
manultacture. The 
picture quality has also 
been wanting; but 

rarious developments 
In that arca have 
brought noticeable 
improvements Of fate. 
And the icchnology (that also comes in 
various guises) encompasses all screen 
sizes from small to large. LG.Philips has 
developed a 29in active matrix LCD high 
definition TV to prove the point, Larger 
sizes are possible through the use of tiling. 

This was first employed by Sharp to 
produce large screen displays fram smaller 
scements, and they recently demonstrated 
a 40in model composed of wo tiles. One 
company that specialises in this process is 
Rainbow Displays inc. (RID)). They have 
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clemonstrated an active matrix 38.6in 4:3 
prototype, of 800x600 pixels, composed of 
four tiles (each holding one quarter of the 
pixels); and. in a joint effort with Philips 
Flat Display Systems, a 37.5in 16:9, 852x480 
active matrix clisplay employing three tiles, 
and are developing 
an HDTV model. 
Tiling is an 
IMportant step. 
because, without it, 
LCD technology 
would not be able to 
share in the still 
small but growing 
market for large 
displays of various 
types in airports, 
conference rooms 
(see Figure 8), TV studios, pubs and clubs, 
and che homes of those who can afford 
home cinema in the grand style. The 
difficulties ancl cost of manufacturing a one 
piece LC display of that size woul make it 
a non-starter, 

RDI is able 10 produce seamless displays 
with its proprietary tiling technology. The 
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criteria for this are pixels with constant 
pitch ancl visual characteristics maincainecl 
across the seams, those seams must he 
light-tight, and two or more tile edges must 
be accessible tor matrix addressing. 
Requirements that RDI has achieved, 
clespite pixel pitches of under 1mm. The 
tiles are produced on a conventional 
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manulacturing line. The only dilferences 


heing a pixcl layout designed with space for 


joining, the fabrication ofan LC seal with a 
width of about 100um, and the control of 
the LC cell gap to better than 0.54m. The 
tiles are then tested, and assembled into 


Visible Light 


Figure 10. Diamond FED construction. Picture: school of Chamistry, Untversity of Bristol. 





the display between optical glass plates 
using transparent optical aclhesives. 
Microfabricated aperture masks on the 
insicles of the glass plates prevent light 
leakage from the seams, The fight comes 
from a fluorescent backlight with a 
quasi-collimated hight output - with a 


i diffusive screen on the front glass to regain 
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the viewing angles reduced by the 
collimation process. When completed the 
seams are actually visible anc there «are 
minor differences in brightness anc colour 
between the tiles. }lowever, these are 
addressed by digital signal pracessing and 
inclivictual settings of row and column 
voltages for each tile. After this the 
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variations dre said to be in the order of 1 
percent. 

The two companies are planning to 
produce displays in screen sizes from 30 to 
60in. Thus competing directly with plasma 
cispkly panels (PDP). 

This has quickly 
become accepted as 
ithe large screen, direct 
view alternative to 
projection, anc 
wherever a slim display 
is required. However, 
the technology is not 
without its 
disadvantages: the 
panels consume a lot 
of electricity for their 
light output and 
require cooling fans. The panels consist of 
glass plates separatecl by barrier ribs and 
fillecl with an inert gas. This is converted 
Into a plasma where x and y electrodes 
cross by applying a voltage between two 
parallel discharge electrodes; this produces 
ultraviolet light that excites the rec, vreen 
and blue phosphors. The perceived 
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intensity of each pixel is controlled by pulse 
width modulation, switching the plasma 
discharge on and olf, since it cannot be 
directly varied. 

Unul recently all the displays were 
standard definition (the US 480 vertical 
lines) and used progressive scanning. 
Fujitsu, however, has developed a high 
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definition version by employing what they 
term Alternate Lighting of Surfaces (ALIS), 
This makes use of what was the unusecl 
area between the tines to produce an 
interlaced cdlisplay of 852 lines on the 32in 
model and 1024 on the 37in one - both 
having a 1024 horizontal resolution (a 42in 
version has also been demonstrated with 
(024x1024 resolution). Figure 9a shows the 
complete frame of a conventional PDP 
display; Figure 9b shows the complete 
frame of the ALIS display, In actdition to the 
greater resolution the brightness is 
increased by half, and flicker is reduced. 
However, plasma is suited! 

fo medium anda large screens. 
Another emissive clisplay has 
the potential to cover small to 
large, because it is the nearest 
relation to the CRT - this is the 
Fieid Emission Display (FED). 
Like the CRT it produces 
electrons that excite 

phospors; but each pixel has 
its OwN Microspcopic 

emitters, typically an array of 
microtips probably numbering 
in their thousands. In Figure 
10 the microtips have been 
replaced by diamond emitters, 
but the principle is the same: 
the voltage ciflerence 
between the row (cathode) 
ancl gate electrodes extracts 
electrons that pass through 
the vacuum and go on to 
strike the phosphor. With 


number of manufacturers are testing them. 

Qne of those is Sony, Who, at the end of 
last year, extended its partnership with 
Candescent Technologies, one of the 
companies that are developing FEDs. In 
this case a high voltage type. The two 
companies have demonstrated a 5.3in 
mxlel, 

Another user of phosphors is the 
photoluminescent LCD (PI-LCD). This was 
invented at Cambridge University, and is 
being commercially developed by another 
spin-off, Screen ‘Technology. The device 
employs near visible UV collimated 


Film incorporating droplets of 
AC liquid suspension 
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Unactivated State. 
Particles in random positions 
and light is absorbed. 


perform a variety of applications, including 
‘smart’ windows. The technology is based 
on suspensions of light-absorbing colloiclal 
particles encapsulated within a thin plastic 
film, placed between glass or plastic plates. 
When in the off state the particles are 
randomly aligned and block light, when an 
AC voltage is applied they align and light is 
transmitted or reflected (see Figure 12). At 
present the response is slower than an 
LCD, with times of 150ms, but the times 
are continuing to be improved and they are 
aiming to achieve vicleo speeds of 25ms or 
less. They also require a greater voltage 
than LCDs. But they are 
superior in terms of contrast 
ratio (and they cdo not require 
polarisers). 

In addition to obvious 
similarities with PDLCs, SPD 
also bears some relationship to 
Electrophoretic Image Displays 
(EPID), which rely on particle 
suspension in a cell. However, 
EPID uses a DC voltage, and 
ihe particles are macle to 
migrate between the 
electrodes: the electrodes on 
one giass plate are the widths 
of the pixels so that the 
particles spread out and block 
the light, On the opposing 
plate they are narrow and the 
particles leave the pixels largely 
clear, The particles are also 
light scattering, not absorbing; 
ancl a dark clye is used to hide 


Activated Siate. 
Particles aligned and 
light is transmitted, 


them [rom view (which is why 
the latest developments 


diamond, whether real or 


: Transparent Electricall 
diamond like carbon, the ‘ y 


Conductive Coatings 


voltages can be a lot lower 
than molybdenum and silicon, 
and so too, can the vacuum, It 
can also be coated on by 
chemical vapour cleposition 
making a fairly simple display, 
A number of universities in the UK are 
experimenting with diamond like carbon 
(and carbon nanotubes) for FEDs - such as 
Bristol, Cambridge, Oxford, Surrey andl 
University College, London. At Bristol most 
of the work is now concentrated on the 
actual cathode material itself - such as 
doping DLC with various exotic elements 
to see if this improves the FE performance. 
Figure 11a shows an electron microscope 
image ofa CVD diamond film before FE 
testing, 11b shows what can happen after 
extracting 1uA for 30 minutes, lic after 
extracting 10uA and 14d after 100A - both 
for 30 minutes). Oxford, conversely, has a 
new spin-off company called Nanox that is 
cleveloping nanoparticle phosphors that 
can work at lower voltages than 
conventional phosphors - at 5O0V the 
Nanox phosphors are said to be five times 
more efficient than conventional ones at 
much higher voltages. Not surprisingly, a 
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Figure 12. Suspended Particle Display operation. 


Picture: Research Frontiers. 





ittumination, which shines through the LC 
display and onto phosphors. The LC 


display just varies the brightness of the light 


and, hence, that of the phosphors, 12in 
monochrome ancl colour PL-LCDs have 
been demonstrated. Philips has been 
experimenting with a similar display, but 
they cail it an emissive LCD. This differs 
from the PL-LCD by having the phosphors 
within the LC layer ancl using a plain UV 
backlight, plus a wavelength selective 
mirror between the phosphors and the LC 
layer to reflect wrongly directed emitted 
light to the viewer (this is a dielectric stack 
of 36 metal oxide layers). 

A rather older technology is that of the 
Suspended Particle Device. This was 
invented in 1934 by Edwin Land, the 
founder of Polaroid; and, ironically, that 
company has acquired a licence to 
manufacture SPD film from Research 
Frontiers who have been cleveloping it to 


employ microlenses to 
maximise the light). 

There is also a variation on 
EPID technology, called Reverse 
Emulsion Electrophoretic 
Display (REED). This uses a 
mixture in which coloured droplets are 
suspended in a clear liquid (the reverse of 
an emulsion); and these respond to electric 
fields, Actually, the reverse emulsion is a 
microemulsion, which is thermodynamically 
stable and forms by itself given the right 
constituents. The technology is a new one 
being cleveloped by Zikon. And so far only 
simple monochrome displays have been 
demonstrated. Both electrophoretic 
addressing and frequency addressing have 
been tried. The latter causes the emulsion 
to exhibit different properties with different 
frequencies, varying the colour and 
transparency of the pixels. 

REED would seem to be a long-term 
effort. But a number of companies are 
anticipating their technologies changing 
from development to production either 
this year or next. This should give their 
investors something to celebrate finally. 
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By Reg Miles 


joint research team from NASA‘s Jet 
Propulsion Laboratory JPL) and the 





University of Wales has discovered a 


means to potentially enable the fabrication of 


smalier ancl faster computer chips without 
changing present day manufacturing 
processes. 

This is done by photolithography, with 
laser light being shone through a mask onto 
a polymer photoresist that has heen coatect 
onto the silicon. which after development 
eaves behind a hardenecl image that 
protects those areas of the silicon from 
etching. Ancl the end result is an array of 
transistors and resistors. 

As manufacturers continually reduce the 
size of the transistors and squeeze greater 
numbers into smaller [Cs so the distance that 
the clectric current has to travel is reclucec! 
and the operating speed is increased. 
Unfortunately, this reduction in the size of 
transistors will be stopped well short of the 
theoretical minimum size that traditional 
computers can accept by the limitations of 
the optical process. The functional minimum 
for a computer is about 25nm; moadern 
fabrication methods are achieving sizes of 
180-220nm. This is using light with a 
wavelength of 248nm. It becomes 
increasingly difficult to use light with shorter 
wavelengths to produce transistors with 
smaller dimensions. And, according to a 
central principle of optics called the Rayleigh 
criterion, which sets a limit on resolution 
relative to the wavelength, 248nm light 
‘annot create features smaller than 124nm. 
Smaller transistors have been produced 
experimentally, down to 20nm, but using 
different designs. 

This new research, still in its theoretical 


stage, could enable the Rayicigh criterion to 
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be ‘sicle-steppecl’ and conventional clesigns 
to be sculecl down. The research team 
proposes fo use the intermingled properties 
of two or more photons to obtain 
subwavelength spatial resolutions. This 
‘entanglement’ of photons would allow the 
use of existing sources of laser light of 
248nm to produce computer chips with 
dimensions of one quarter ol the wavelength 
(G2nm) or smaller rather than the present 
clay halfawavelength. 

dinstein referred to this intermingling of 
photons as ‘spooky action at a distance’ 
heeaiuse the particles can immediately 
influence each other over huge clistunces - 
according to the press eclease, ‘even halfway 
across the Galaxy’. 

Optical spontaneous parametric down 
conversion (SPDC) is the most effective 
mechanism to generate an cntanglec| 
two-photon stite. In this process an aypctical 
pump beam is shone through a birelringent 
crystal: the light is intense enough for 
non-linear effects 10 convert pump photons 
into pairs of photons. In this quantum 
lithography proposal, a pair of entangled 
photons enters a set-up with two paths. 
While the two particles travel together and 
let as a single unit, it is inpossible to 
determine which of the two paths the pair 
has taken. In an effect of quantum 
mechanics, however, each phoron actually 
travels clown both paths. 

On each path, the photons act lile a 
rippling wave with peaks and troughs. After 
traveling on their own path tor a while, the 
two photons converge on a surface, Because 
the light particles making up each wave were 
originally entangled, the result of ackcling the 
photon waves together is to create patterns 


on the surface cquivalent to those mace by a 


single photan with half the wavelength. 

This process, in essence, enables the 
entangled photon pair to produce patterns 
half the size on each side of a chip’s surface 
as can be created by single photons in 
conventional photolithography. Eniangling 
more than ovo photons would improve 
results even further. 

While a number of technical challenges 
remain, researchers are already working on 
developing materials chat would be required! 
for quantum lithography. According to JPL 
researcher Dr. Jonathan Dowling, ‘Our 
economy constantly depends on faster ancl 
faster computers. ‘This research potentially 
could enable us to continue upgrading 
computers even after traditional 
nuinufacturing procedures have been 
exhausted, 

Entanglement is becoming fashionable. 
There is a European Project devoted to it, for 
exumple: Entanglement in Quantum 
Information Processing and Communication 
(EQUIP), “To aclvance the theory of bi-partite 
entanglement and to develop a theery of 
multi-partite entanglement which would 
ultimately provide the basis for the future 
technological application of quantum 
mechanics in information processing and 
communication,’ It has also been suggested 
as the means for achieving teleportation. 

However, photon, and more generally 
quantum, entanglement has been a 
contentious issue in quantum mechanics 
ever since the Einstein, Podolsky and Rosen 
(EPR) ‘thought experiment’ paper of 1935 
usec the principle of entanglement, 
mathematically formulated by Schrodinger, 
to demonstrate an inferred lack of 
completeness in QM theory. Instead of 
instantaneous action al a clistance, they 
postulated tocal hidden variables with each 
af the ‘wvinned particles having more 
information about each other than QM 
allowed for. Bohr clefencled the completeness 
of OM by suggesting that EPR were 
interpreting the theory too literally. A test, 
‘Bell's inequalities’, was formulated! in 1964 
to determine which of the nwo sides was 
correct. But although OM has generally been 
ascendant. a number of research results have 
been marrecl by suppression of data. anc the 
arguments rumble on. 

Contact: 
Gia Scafida Tel; (818)354-0372 
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Are consumer fears about fraud on the Internet 
unfounded? Here we report on the fear of crime 
that leads sbopper Web worries. 


he new report reveals that UK 

householders are more than twice as 

likely to have their homes burgled 
than co fali victim to Internet fraud. 

Just 2% of online shoppers - less than 
one in 50 of the Web population - say they 
have been victims of Web fraud, compared 
la more than four per cent of hame 
owners who will this vear suffer the trauma 
Mf at break-in at their homes. 

lronically the report ‘E-privacy issues 
among European consumers’ suggests fear 
seems to escalate according to Internet 
usage. According to the survey, the fear of 
crime is highest among experienced| Web 
USCTS. 

David Petraitis, director of e-privacy at 
PricewaterhouseCoopers, says, “Fraudutent 
use Of personal information on the Internet 
is luss than expected. The result of the pan- 


explain the seemingly illogical lincling that 
experienced surfers 43%) worry more 
about security breaches than newcomers 
PricewaterhouseCoopers identified! that 
intrusion and misuse of information is one 
of the biggest concerns amongst 
consumers. Nearly one European Internet 
user in three rated his‘her level of concern 
as ‘high’. To avoict ‘surveillance’, 75% 
indicated that they opt out af providing 
information when given the choice. 
Petraitis explains, “This paranoia is not 
entirely unfounded as over half (55%) of 
consumers sulfer from unwanted email, 
and around a fifth (20%) find that their 
persanal details have been passect on to 
others without their knowlcclge. 
“However opting out of providing 
personal information is a double-edged 


marketing at an unsophisticated stage, The 
less personal information available the 
more e-business will have to rely upon 
more or less random advertising methods 
which aim for an occasional response by a 
patential Customer.” 

[n order to survive in cyherworld and 
gain the consumers’ trust, responsibility is 
clearly on the side of e-business. The 
clegree to which this is achievable will differ 
from country to country, as the cultural 
clivide is wicle. For example: 

* Concern about privacy when using the 
Internet is highest in Spain, South Africa 
and the UK. Whereas the Scandinavians - 
being among the highest Internet users 
in the world - seem to be least concerned 
Jralian (19%), French and Spanish 
consumers are the most sceptical about 
privacy protection on the Internet 
Scandinavians, Belgians ancl Dutch feel 
that their privacy is Most protected 
German consumers were most unwilling 
to clisclose any personal information in 
general (26%) 

[ralians were the most comfortable in 
disclosing brand and procuct preferences 
(68% 

UK net users are the most willing to 
disclose credit card details ac 12% but in 
Germany and Italy the figure drops to a 
mere 2% 

Petraitis concludes, “Creating channels of 
dialogue is vital both for business and for 
consumer associations. Businesses have to 


make privacy more of a priority ancl make 
sure consumers are aware of 
their effort to resolve this issue. 
“At the same time consumer 
rights arganisations and clata 
protection representatives 
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European research stands in stark contrast 
to the fear of 95% who said 
they were reluctant to release 
their credit card details into 
cyberspace. Interestingly, two 
ouvof three prefer to give 
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“Fortunately, there are 
some e-privacy soluuons.” 
The survey points to the 
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his project is in essence a distributed 

embeckled control system 

comprising of a PC, a serial RS232 
communication link and a 8031 micro- 
controller based autonomous controller 
board housed in a low profile enclosure. 
From a PC mousc-driven menu, you are 
able to independently control 2 stepper 
motors: forward/reverse, fasuslow, stop/go; 
switch ona mains lighting circuit and 
control 16 switch outputs as well as 
monitor a simple alarm circuit with 
feedback to the PC, 


Connections 
As with any contrad board there are plenty 
of plug connections to interface to the 
outside world. These are 

(P1) This is a standard 90 clegree PCB 9- 
pin D-type male plug mounted on the 
board which provides the RS232 
communication tink between the serial 
part (COM7) of a PC ancl the RS23210 
board. The mouse shoul be either be 


connected to the PS2 sacket. if available, or 


the COM2 port. In addition, the RTS 
hanlware handshake line (pin 7) from the 


a ee Ne 


eS 


a “ fb “<4 ‘ 
rk oF Hi 
PRON aay ane oor aa 
neretetese o> ade at 


LOAD/MAINS 





PC’s serial port is used to switch an 
external standard PC power supply unit 
which provides a +12 volt supply for the 2 
motors anc a hefty +5 valt supply for the 
bourd and external interface circuitry e.g. 
inclicuator diodes. When the PC software 
driver (RS232IO. EX) 
is executed, the serial 
COM) port is opened 
ancl a +ve voltage 
appears on the RTS 
line. This is clamped 
to +5 volts by a 5Vt 
zener diode and used 
to switch an FET 
transistor (ype 
BSE70p). This results 
ina short between the wo lines (usually 


black and white wires) of the logic activator 


connection to the PC PSU, and the PSU 
Starts up, Supplying power to the RS23210 
board. Since the board contains a mains 
outpul, a breakdown in the RS232 
communication tink or a computer ‘crash’ 
will switch off the PSU and alse disable the 
mains output (Gf enabled). Also, when 
progrnim RS2321O.EXE is aborted, the serial 
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port of the PC is switched off under 
software control, and again the eternal PSU 
is shut down. 

(P2) Consists of 2 9-pin D-type female 
sockets wired together with approx. 4 
metre of 4 way cable to provide a 
connection between the PC's serial port 
and P1 of the RS23210 board. Wiring of the 
cable is as follows and can be vither way 
round, 


PIN 2—___—_—_——____IN 3 
PIN 3 PIN 2 
PIN 5———————_—_PIN 5 
PIN 7————_—————___PPIN 7 


(P3)Consists of 4 20 way IDC 0.1° header 
used to carry the following control 
outputsAnputs: 16 outputs labellect PAOQ- 
PA7,PBO- PB? on ICT (@ programmable PIO 
IC. These lines can be switched on/off by 
simply clicking the mouse on the PC's 
menu. A facility is provided to switch BANK 
Aor BANK B switches on or off together. 
The remaining tines carry an alarm input (a 
simple micro-switch) which is wired 
between the +5v line and the alarm input. 
When the micro-switch is activated, the 
Alarm) mimic on the PC’s screen will flash 
together with an audible warniny, 
inhibiting any further control of the 
RS23210 board until the alarm is cancelled. 
Simultaneously on alarm condition line Ped 
will be asserted logic high allowing for 
external control of a transducer or an 
external alarm device. A +5 vollage and Ov 
line is provided on the remaining pins.(in 
Part IL of this project the LED status array 
and interconnections for P3 will be 
described in further detail). 

(P4)This is a square pin G-way) header 
to which connects the logic activator lead 
from the power supply. 

(P5)A simple press-to-make switch is 
connected to the 2 pin header via a small 
length of cable. This is the external reset 
switch for the system 
which is mounted on 
the completed 
enclosure, Pressing 
this switch will close 
down all the 
functions ie. stop the 
2 motors if running, 
kill the mains output 
and force all switch 
outputs of P3 off, 
Clicking the mouse pointer on RESET bar of 
the menu will similarly reset the RS23210 
hoard. 

(POA standard 4 pin PC PSU plug which 
is attached! by 4 short leads the RS2321O 
board and secured! by silicone compound: 2 
black leads (Ov), red (+5v), yellow (+ 12v). 

(P7.P38) These are two 6 way peb header 
pins to which the two stepper motors are 
attached. 
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Figure 1. Complete circuit of RS232 (0 Control Board 
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(P9) is the mains input pcb 
terminal block. 

(P10) is the 2 way terminal 
block to which an ac lighting 
circuit is wired. The mains part 
of the RS232I0 board is totally 
isolated from the logic and 
external connections by means 
of an optically coupled isolator 
(IC8) a MOC3041 which is 
used to switch a mains triac 
switch (C9) a type TIC225M. 
Note that an earth connection 
is not provided since this 
circuit has been designed only 
for ac lighting with a maximum 
500 watt load. The limiting 
factor of power output is the 
size of the heatsink that is of 
small climensions, being limited 
by the size of the enclosure. If 
the box gets hot, reduce the 
load! Class I] double insulated 
leacl should be used to make 
all connections to P9 and P10, 


Construction of the 
board 

Readers of this magazine 
should recognize the 8031 
SBC described in an earlier 


article, but this time a 
Figure 2a. Control board PCB bottom view conventional 40 pin DIL 80C31 





embedded controller is used 
in place of a PLCC package. 
This makes for easier fault- 
finding since the 8031 pins are 


0000 000000 6 PYvY TY" reaclily accessible. Note that 
oe ee 0 ee o the ac circuitry consisting of 
© oO o 88bGb8b8o o IC8 and IC9 and associated 
—— resistors should initially be built 


and tested. Resistors R9 R7 R8 
are all 1 watt power rating, 
ooo Remove R6. Wire together 2 
ecco I battery cells in series to provide 
0066 a 3 volt source and connect the 


@ 
668000000060600606 
+ve end to pin 1 of the opto- 


6 
if | | isolator (1C8), the -ve end to 
o o« o——_° in 2 (ground). Connect in a 
oeeeoecooseeecceeese 0 @ SeGueees. pin 2 (ground) 


dead mains supply to P9 
e O° = pa a ensuring that the Live mains 
= = eocoocacdeeassaeeeabo ° leacl is connected to the fused 
end of the terminal. The fuse is 
a wire-ended 3 AMP type 
o———s 


o 6«98 soldered to the 


———=9 
o — 6666060880 board. Switch on the mains 
supply and measure the ac 
88666688 EGa 666660868068 output on P10.This should 


read 240 volts ac Kill the mains 
and disconnect the battery 
from the opto-isolator. Re- 
re] connect mains and there 
should be no output on P10, 
Ensure safe working practice 
Figure 2b. Control board top view when working on live mains 
i.e. FOLLOW THE HAND IN 
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POCKET RULE, The mains must 
now be cliscunnected until the 
baarcl logic circuitry build has 
heen finalized ancl checked ancl 
the completecdt board has been 
installed in a plastic enclosure. 
As with all micro-processor MAINS LOAD 
baarcls, several wire links are 
required on the component side 
of the board due to complexity 
of the copper artwork. A 0.5mm 
drill was used for the connecting 
pads and fine insulated single 
strand wire wis used to make 
the links, All the 1C’s with the 
exception if 1C5 (27C16- a 2Kbyte 
EPROM) are unsocketed and 
soldered directly to the boarcl. 


a B1C55 IC7 
Heatsinking 


The triac (C9) and the 2 
darlington motor driver ic’s 
iC2,IC3) generate heat when 


MOC3041 
> R8 560R 


healtsinkecl, A simple merhacl is 
ro cut a standarcl low protile 
Pentium heatsink in half ane 
epoxy one half lo the nwo 
darlingtons ancl the other half 
clirectly onto the triac. 

Final assembly and resting of the 
bexind will follow in Part If <and a 
description of the firmware in the 
27C16 EPROM will be given, 
logether with details of using an 
EPROM Ensulator to write short 
programs to test the completed! 
hoard, In Part HW] details of the 
completed enclosure and LED 
monitoring board, rogether with 
interfacing che RS232I10 board will be provicect 


FUSE 3A 
tt: 


CR 225M 


Figure 3. Component overlay of control board 


Note: The PC software driver (RS232I0.EXE) 


on disc and pre-propgrammed EPROM is : Semiconductors 
available from: | RICH 80C31 
| 1C2,3. ULN2803A 
R.Grodzik (MICROS)  1c4 74HC573 
53 Chelmsford Road | (C5 27C16BQ200 (See Note) 
Bradford : mice MAX232CPE 
West Yorkshire, BD3 8QN Y BIG? 81055 
United Kingdom, ' IC8 MOC3041 
Email:<dgrodzik@netscapeonl ine. co. uk> - cg TIC225M 
MS-DOS Prompl- AS23% 
je) eles Transistors 
BS170p 
Zener 5v1 
Resistors 
R1,3,4,5 12K 
R2 4K7 SIL 
R6 330R 
R7 56R 1 WATT 
R8 360R 1 WATT 
RO 39R 1 WATT 











A Stost Paint Shop Pro ! Of LIC 
Screen grah of software showing status of ports 
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RS 232 IO 
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Lour CHAK 232_]P]R3 124 
2 Ic6+ Qo OG 


2 
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R7 56R <> R6 330R | 3 
a 


operational and neect to be Ic9 


MOTOR A 


L.A. 
BS170 


R1 
12k R2 


| JReseT 4k7 SIL 
a 


80C31 IC1 


74HG573 


IC4 





Capacitors 
4 x 10uf 16v 


Sundries 

SW1 PRESS TO MAKE SWITCH 
XTAL 11.0592MHz 

200 WATT PC Power supply with logic 
activator 


Connectors 

P41 PCB 90 DEGREE 9 PIN D-TYPE 
P2 D-TYPE 9 PIN FEMALE X 2 

P3 20 WAY IDC 0.1." HEADER 

P4 SQUARE 3 PIN HEADER 

P5 SQUARE 2 PIN HEADER 

P6 4 PIN PC PSU PLUG 


P7,P8 6 WAY PCB HEADER 
P9,P10 2 WAY PCB TERMINAL BLOCK 


element in the same chip. There is signal 


binding and switching, all in one place.’ 
i Because of the minimal light loss, the 
: technique offers the potential of ultimately 


replacing electronic chips with faster. 
cooler phetonic chips. Another possibility 
is using it to combine light with electrons 
f in dsingle chip. It coulcl also be used to 
| | | 7 relay as well as change the direction of 
| | | | : optical signals coming through 
: telecommunication lines. 
According to Shawn Lin, “Many people 


by Reg Miles have realised the value of such a structure. 


eeeeeoessee0eseeoeeseeeseeeeeeeeéee Oé & GO 


The problem has been, how do you build it?” 
it was thought that tight would easily 

anes | 2 escape out the top and bottom of an 

. - oe CS ; essentially ovo-dimensional structure. 

Senn SRG: ! However, that was resolved by using a 

covering of silicon oxide on the top and 

aluminium oxide on the bottom. This 

cladding provicles a jarge difference in the 

refractive index that facilitates the ability of 

researchers to restrict the passage of light to 

the central portion of the photonic erystal. 
The cladding’s refractive index is higher 

than the refractive inclex of the material it 

: encloses, thus preventing light from 

esearchers at the US Department Figure 1. The perforated two-dimensional | escaping from Gallium Arsenicle. Which 

of Energy’s Sandia National : Gallium Arsenide shape of [Sandia’s] rather begs the question of how the 

laboratories have produced an | Shawn Lin research team has proven cladding keeps the light stable as it passes 


“s ‘Se, . a 
ma vy Ne m on AYONOTEE . 5 Des 
Ore AAD. 


. 








: ; : : unusually successful In bending infrared 
efficient ancl inexpensive means of bending y B 


infrared light in confined spaces, with lictle 
measurable loss or distortion, using a 


light with little loss. 


through holes, since the refractive index of 
air is lower than the refractive inclex of 
semiconductors? (A higher refractive index 


perforated bar fabricated from Gallium process. The crystal itself is ‘easy to make, = prevents light from entering a substance.) 

Arsenide without metic components. i according to Shawn Lin who, with Sandia i The answer is that the distance across the 
In this two-dimensional photonic crystal researcher Edmond Chow, lec! the project. hole is so small that quantum interference 

the perforations provide a substitute forthe =: ‘One can have the laser and guicing : ¢ffects come into play, and the light merely 


spaces between molecules through 
which the fight is channelled in real 
crystals (see Figure 1). The structure 
has its cell centres spiced at 416nm, 
with holes of only 200nm made by 
electron beam lithography. Natural 
crystals are restricted by their intrinsic 
molecular spacing and only allow 
certain wavelengths of light to pass 
through them. So the aclvantage to 
researchers with this artificial structure 
is that they can vary the spacing of the 
crystal components, thus allowing any 
frequencies (within tool limits) to pass 
while blocking others. 

The effect opens the possibility 
that the essentially two-climensiona! 
technique can considerably reduce 
the energy required to start and 
operate a laser - of which most of the 
input energy Merely compensates for 
the large amount of light orclinarily 
dispersed uselessly in the lasing 

Figure 2. The photonic lattice acts 

like a crystal in guiding light 
because of its tiny, regularly placed 
silicon ‘logs'. These are 1.2 microns 
wide. Control of different 


wavelengths is achieved by 
changing the lattice dimensions. 
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moves to the next confined substructure. 

The cladding process, inciclentally, was 
pioneered at Sandia as part of its work on 
the vertical cavity siimulated emission laser 
(see ‘UV Laser’ in the February issue), 

This work on photonie crystals builds on 
that by the same research team who had 
eartier created three-dimensional, silicon, 
photonic crystals for the same thearctical 
purposes (48 you might expect, 
two-dimensional crystals are cheaper ancl 
easier 10 fabricate). 

Shawn Lin and Jim Fleming achieved the 
desired crystalline spacing in the 
three-dimensional structure using 
techniques perfected in building 
surface-ctched micromachines - at which 
Sandia is a world leader, according to the 
press release. Gears that spin require spaces 
benveen parts. In this case. a silicon base is 
covered with an expendable coating in 
which a part can be etched, anct then the 
expendable portion is removed by chemical 
and mechanical means, leaving the gear or 
axle unencumbered by surrounding 
material and thus able to spin frecly. 

Using a variant on the same technique, 
Fleming made an artificial crystal latiice. He 
tok a silicon wafer, coated it with silicon 
dioxide, cut trenches into the silicon 
dioxide andl then bathed! the chip in 
polysilicon until it filled! the trenches. Then 
he polished the surface until smooth and 


hathed the chip in another kryer of silicon 
dioxide, into which he cut the same 
number of trenches as before, but so they 
lay across the trenches beneath them at 
rizht angles, and then fillecl those trenches 
with polysilicon. After repeating this 
process a number of times, Fleming 
removed the silicon dioxide, using 
hyclrofluori¢c acid, and gor ‘micron layers of 
Lincoln Logs, orthogonal to each other, ancl 
joinecdl where they touch. See Figure 2. 
The polysilicon ‘logs’ were 1.2 microns 
wide, 1.5 microns high, with « pitch of 4.8 
microns. Proportions identical to that 
specified by Ames Laboratory and lowa 
Suate researchers as those necessary to 
make the photonic equivalent of an 
electronic band gap, with certain 
frequencies of light forbidedlen from exiting 
the lattice. By designing the distance 
between the ‘logs’ carefully, a chosen 
wavelengih was reflected instead of passing 
out of the spice, as longer or shorter 
wavelengths could. The introduction of an 
impurity like air and much thicker 
polysilicon ‘logs’ provided routes lor 
preselected wavelengths to travel along; 
thus following the impurity as it twisted! or 
bent - no matter how sharp the turns. ‘This 
made it well-nigh impossible for Jight of a 
frequency roughly in the middle of the 
band gap Lo escape, The lattices trapped 
and guide approximately 95 percent of the 


ight sent within them, This compares with 
approximately 30 percent for conventional 
waveyuides, and they took only one-tenth 
to one-fifth the space to bend the light (the 
turning raclius was in the one wavelength 
range, rather than the traditional waveguide 
bend of more than ten wavelengths). 

The idea of a “photonic band gap 
structure” was first advanced in 1987 by Eli 
Yablonovitch, now 4 professor at the 
University of California at Los Angeles. In 
1990. he built che first photonic crystal, the 
size of a baseball (probably about the size of 
a cricket ball), to channel microwaves. In the 
mid 1990s, scientists at Ames Laboratory in 
lowa built crystals the size of a table tennis 
ball, also for microwaves. The components 
were ofa size that could be pul logether by 
hanel, using straight metal pins (of the type 
that hold new shirts in place). 

“The size reduction for current structures 
is a striking achievement that researchers 
have been attempting to achieve fora 
clecacle,’ says Del Owyoung, Sandia 
manager for the project. ‘The difference in 
frequency is comparable to moving from 
masers (oO lasers’. 

Wark on the current photonic crystal 
continues at Sanclia. 


For more information contact: 
Neal Singer, <nsinger@sandia.gov> 
(505) 845-7078 
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Air your views on the web! 


id you know you can air your views on the magazine 
on the web at www.electronicsandbeyond.com? We 
value your feedback on all aspects of Electronics. The 
magazine and web site work in harmony so you get the best 


opportunity to contribute directly to the best medium for 
electronic enthusiasts. Although the site is in its infancy it has 
been designed to be user-friendly, interactive and informative. 
It will feature regular competitions and a selection of articles 
from back issues so you can benefit from information that you 
may have missed. 
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On the news section you can find the latest updates... On the 
discussion forums you can air your opinions on any of our articles... On the FAQ you can obtain back 
issues....On the Links you can link through to Kanda and its diverse range of engineering forum sites for AT91, 


HLEGTRONICS 


AVR, Mitsubishi, ST7, SX and Xicor at the touch of a button. 


You can subscribe, work out your shipping costs, notify us 
of any changes in name/address details and get premium 
advertising rates all on-line. This is a web site specific to 
Electronics and Beyond and its future and we welcome 
your suggestions and ideas. So don’t hesitate and get 
involved today. 


ll Beyont 
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Manchester Meltdown 


reader asks me why 1 clon’l write 

more about myself in this column? 

Well, I write abour what interests 
me, anc there are a loc of things fF fine 
interesting enough to write about. 
However, as it happens [ was involved in a 
very unusual incident recently, so here is 
my version of what happened. 

The scene was the banquet held in 
Manchester last December to celebrate the 
50th anniversary of the Jewish Telegraph, 
for which | write a regular column, Before 
we sat down, I was introduced to the ford 
Mayor of Liverpool, who wis wearing his 
ceremonial gold chain anc a very 
handsome diamoncl-encrusted gold ancl 
cnamel medallion. On the hack of this, a 
gold disc with an inscription had been 
fastened by six rivels. 

ladmired the piece as we shook hancls, 
but joked that maybe | shouldn't get too 
near it just in case... Phen we sat clown at 
separate tables at lease 20 feet apart, my 
neighbour being the Chief Constable of 
Greer Manchester for whom ! henta 
spoon. We had just begun our meal when 
Lhere was a great commotion at the 
Mayor's table - at first [ was alraiel 
somebody had dropped clead, 

However, all was well except with the 
Mayor's medallion. Here is what he told 
one of the reporters who were present: ” T 
was just leaning forwarcl to reach for the 
pepper when | heard and felt a rattle 
around my neck, andl found the back piece 


of the jewel hanging outward and 
bencling.” All six of the rivets had somehow 
worked louse or melted. bending to the 
extent where the gold dise came loose in 
the Mayor's hands. It was alse slightly bent, 

The jeweller to whom it was taken for 
repair said “You might expect the odd rivet 
ta come loose but for all of theni to drop 
out and bend at once is bizarre... In iny 
entire prafessional life as a jeweller | have 
never seen anything like this”, 

Nor have ]. I have never bent a piece of 
gold before, rhe nearest | came being when 
I hroke a silver spoon and bent the swore 
on a stitue at Longleat, with che Marqiiess 
of Bath’s permission. (The objects are now 
on display there). And 1 don’t think | have 
ever bent even a teaspoon in front of so 
many reporters and distinguished 
WiiNeSScs. 

The Mayor took it very well. He told 
reporters * | know some people say Geller 
is a magician but f don’t. Laccept chat he 
has psychic powers, He hac not touched 
the jewel at any time.” ‘True, but | don’t 
think my psychic powers were responsible 
on this oceasion - | suspect what happened 
was that when we met, [ seedecl his mine 
with the thoughe that something could 
happen and his psychic powers, not mine. 
did the rest. It was an example of what 
hypnotists call indirect suggestion. when 
you suggest something without actually 
saying il, and lve heard it saicl thitt this is 
far more effective than cirect suggestion, 
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because there is less resistance to it. 

L would love to know exactly how 
incidents like this one can happen. There's 
certainly no explanation in terms of science 
as we know iL, Maybe there will never be 
one, scientists finding it less trouble to 
write me olf as a magician (like the Mayor. | 
suppose). Mowever I reckon the 
Manchester meltdown was an example of 
juste what the mind can clo, even 
accidentally, ancl gave an idea of what it 
could do without destroying anything. | 
reckon scientisis, especially psychologists, 
sull have a lot to learn, 

While fam blowing my own trumpet. Vd 
just like to mention an item that appeared 
in the November 16th issue of Autosport. 
Its columnist ‘Pit Bull’ had come across the 
account of how | bent a chrome vanadium 
spanner in the pits at Silverstone in 1998 in 
Guy Lyon Playtair’s excellent book 
MindForce (available only from Tesco). 
Obviously he didn’t believe ic ancl asked 
readers ifany of them hacl seen me doing 
it. One of them had indeed and described 
what he saw in the November 23rd issuc: ” 
I was about one metre away from Uri when 
he bent the spanner.” he wrote. “It came 
straight from one of the mechanics’ 
cabinets, and Uri had no way of having 
touched or even scen the spanner before 
he made it droop aver to one side.” 

A similar spanner was bent recentiy on a 
strain gauge at Imperial College, London, 
anc needed a force of more than 6 
kilonewtons to get it to the same angle, 
about 30 degrees. That's the equivalent of 
more than halla ton, and whatever bent it 
Wils definitely not my physical powers. 

Finally, a flashback to the 1987 edition of 
my book The Geller Effect. where | 
mention (page 365) meeting a group of 
U.S. senators including “a man who could 
well be a future U.S. president - Albert 
Gore” Well, he came close, and many 
believe he should be the current president, 
he does plan to stand in 2604, 


Read Uri Geller’s stunning online novel, 
Nabody’s Child, at <ww.uristory. com 


Visit him at <ww.urigeller.com> and 
e-mail him at <urigeller@compuserve. com> 
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Op-Amp Basics 


Ray Marston presents the opening episode of a 
new 4-part survey of op-amp principles and 
applications. This first episode concentrates on 
basic principles and configurations. 


conventional 
opeamp 
(operational 
amplifier) can be 
simply described as a 
high-gain rer peeing 
coupled amplifier input (>) 
‘block’ that has a single NARS 
output terminal but inverting (+) 
has both inverting anc input 
NON-INVEITING INPUC 
terminals, thus 
enabling the clevice to 
function as either an 
inverting, non- 
inverting, or clifferential 
amplifier. Op-amps are very versatile clevices. 
When coupled to suitable feedback networks 
they cin be usec to make precision ac and de 
amplitiers ancl filters, oscillators, evel switches 
ancl comparators, etc. 

Three basic types of operational amplifier 
are readily available, The most important 
of these is the conventional ‘voltage-in, 
vollage-aue opamp (typified by the 
popular 741 ancl CA3140 ICs). ancl this 4- 
part mini-series takes an in-clepth look at 
the operating principles and practical 
applications of this type of clevice, The 
other ewo basic types of op-amp are the 
current-diflerencing or Norton op-amp 
(typified by the LM3900), and the 
operational transconductance amplifier or 
OTA (typified by the CA3080 ancl 
1.113700). These two devices will be 
described in depth in a couple of individual 
multi-part articles in some future editions 
of this magazine. 





Commeon 


rail (OV) 


Op-Amp Basics 

In its simplest form, a conventional op-amp 
consists of a chfferental amplifier (bipolar 
or FET) followed by offset compensation 
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+ve supply rail 


Offset — 
compensation 
stage 


-ve supply rail 


Figure 1. Simplified op-amp equivalent circuit. 





and Output stages, as shown in Figure I; all 
of these elements arc integrated on a single 
chip and housed! in an IC package. The 
differential amplifier has inverting ancl non- 
inverting input terminals and has a high- 
impedance (constant-current) tail to give a 
high input impedance and good common- 
mode signal rejection. I also has a high- 
impedance collector 
(or drain) loacl, to 
give a large amount 
of signal-voltage 
gain (typically about 
100cdB). 

The output of the 
differential amplifier 
is fecl to the circuit's 
Oulput stage via an 
offset compensation 
network which, 
when the op-amp is 
suitably powered, causes the op-amp 
output to centre on zero volts when both 
input terminals are Wed lo zero volts. The 
auiput stage lakes the form of a 
complementary emitter follower, and gives 
a low-impedance Gul pul, 


Invering 
input 


Non-nverting 
input ba 


(a) 


Op-amp 





Conventional op-amps are represented 
by the standard symbol shown in Figure 
2(a). They are normally powered from split 
supplies, as shown in Figure 2(b), 
providing positive, negative and common 
(zero volt) supply rails, enabling the op- 
amp output to swing either side of the zero 
volts value and to be set to zero when the 
differential input voltage is zero. They can, 
however, also be powered from single- 
endecl supplies if required. 


Basic Configurations 

The output signal of an op-amp is 
proportional to the differential signal 
voltage between its two input terminals 
and, at low auclio frequencies, is given by: 


Gout = Aoley - €9) 


where Ao is the low frequency open-loop 
voltage gain of the op-amp (typically 
100dB. or x100,000, e is the signal voltage 
at the non-inverting input terminal, and e> 
is the signal voltage at the inverting input 
terminal. 

Thus, an op-amp can be used as a high- 
gain inverting de amplifier by grounding its 
non-inverting terminal and feeding the 
inpul signal to the inverting terminal, as 
shown in Figure 3(a). Alternatively, it can be 
used as a non-inverting de amplifier by 
reversing the two input Connections, 2s 
shown in Figure 3(b), or as a differential de 
amplifier by feeding the two input signals to 
the op-amp as shown in Figure 3(¢). Note in 
the latter case that if iclentical signals are fecl 
to both input terminals the op-amp should, 
ideally give zero signal Output. 

The voltage gains of the Figure 3 circuits 
depend on the individual op-amp open- 
loop voltage gains, anc these are subject to 
wide variations between individual devices. 
One special application of the ‘open-looyy 
op-amp is as a differential voltage 
comparator, one version of which is shown 
in Figure 4(a). Here, a fixecl reference 


i voltage is applied to the inverting terminal 


+ve supply 


Common (OV) rail 
(b) 


-ve supply 


Figure 2. Basic symbol (a) and supply connections 
(b) of an op-amp. 


and a variable test or sample voltage is fed 
10 the non-inverting terminal. Because of 
the very high open-loop voltage gain of the 
Op-amp, the output is clriven to positive 
saturation (close to the positive rail value) 
when the sample vollage is more than 4 


few hundred microvolts above 
the reference voltage, and to 
negative saturation (close to 
the negative supply rail value) 
when the sample is more than 
a few hundred microvolts 
below the reference value. 
Figure 4(b) shows the voltage 
transfer characteristics of the 


(a) Inverting de amplifier 


(b) Non-inverting dc amplifier 


(Ag [@4 - @2l) 


flows into the terminal. 
Consequently, virtually all of 
the R1 signal current also 
flows in R2, and signal 
currents i, and iz can (for 
most practical purposes) be 
regarded as being equal, as 
shown in the diagram. Also 
note that R2 has an apparent 
value of R2/A when looked at 
from the inverting terminal, 
and the R1-R2 junction thus 
appears as a low-impedance 
‘virtual ground’ point. 

Figure 5(b) shows how to 


above circuit. Note that it is the Bt 

magnitude of the input 

differential voltage that es 

determines the magnitude of the Op-amp 

output voltage, and that the Input S Cut 

absolute values of input voltage €2 Input -ve 

are of little importance. Thus, ifa e supply 

2V0 reference is used and a a 

er suet (c) Differential dc amplifier 

from a negative to a positive Figure 3. Methods of using the op-amp as a high gain, open lcop, 


saturation level, this change can linear de amplifier. 
be caused by a shift of only 


0.01% on a 2V0 signal applied to the sample = {_ the actual op-amp. Thus, the inverting 
input. The circuit thus functions as a precision terminal still has a very high input 
: impedance, and negligible signal current 


voltage comparator or balance detector. 


Supply 
+ve 
_ tve saturation 


Reference 
voltage 


C2 


Figure 4. Circult (a) and transfer characteristics 
(b) of a slmple differential voltage comparator. 


Closed-Loop Amplifiers. 

The most useful way of using an op-amp as 
a linear amplifier is to connect it in the 
closed-loop made, with negative feedback 
applied from the output to the input, as 
shown in the basic dc-coupled circuits of 
Figure 5. This technique enables the overall 
gain of each circuit to be precisely 
controlled by the values of the external 
feedback components, almost irrespective 
of the op-amp characteristics (provided 
that the open-loop gain, Ao, is large 
relative to the closed-loop gain, A). 

Figure 5(a) shows how to wire the op- 
amp as a fixed-gain inverting dc amplifier. 
Here, the gain (A) of the circuit is dictated 
by the ratios of R1 and R2 and equals 
R2/R1, and the input impedance of the 
circuit equals the R1 value; the circuit can 
thus easily be designed to give any desired 
values of gain and input impedance. 

Note in Figure 5(a) that although R1 and 
R2 control the gain of the complete circuit, 
they have no effect on the parameters of 





Differential 
'g (@,-@2) input 





connect the op-amp as a 
fixecl-gain non-inverting 
amplifier. In this case the 
voltage gain equals 
(R1+R2)/R2, and the input 
impedance approximates 
(Ap/A)Zin, where Zin is the 
open-loop input impedance of the op-amp. 
The above circuit can be made to function 
as a precision voltage follower by 
connecting it as a unity-gain non-inverting 
amplifier, as shown in Figure 5(c), where 
the op-amp operates with 100% negative 
feedlack. In this case the input and output 
signal voltages are identical, but the input 
impedance of the circuit is very high, 
approximating Ag x Zin. 

The basic op-amp circuits of Figures 5(a) 
to 5(c) are shown as dc amplifiers, but can 
readily be adapted for ac use by ac-coupling 
their inputs. Op-amps also have many 
applications other than as simple linear 
amplifiers. They can be made to function is 
precision phase splitters, as adders or 
subtractors, as active filters or selective 
amplifiers, and as oscillators or 
multivibrators, etc. Some of these 


Out = 
Vin X {R1 eo) 


({c) Voltage follower. 


Figure 5. Closed-locp flInear amplifier circuits. 
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20dB closed-loop 
response 


100 1k 10k 100k 1M 
Frequency, Hz 


Figure 6. Typical frequency response curve 
of the 741 op-amp. 


applications are shown later in this article; 
in the meantime, let’s look at some 
important Oop-amp parameters. 


Op-Amp Parameters. 
An ideal op-amp would have infinite values 
of input impedance, gain, 
and bandwidth, and have 
zero Output impedance 
and give perfect tracking 
berween input and 
output. Practical op-amps 
fall short of all of these 
ideals. Consequently, 
various performance 
parameters are detailed in 
op-amp data sheets, and 
indicate the measure of 
‘goodness’ of a particular 
device. The most 
important of these 
parameters are detailed 
below. 

1. Ag (open-loop 
voltage gain). This is the 
low-frequency voltage 


Squarewave 
input 


rat] nese 
+5V to | +5V to 


Supply voltage 


Supply current 
input offset volts 
input bias current 
Input resistance, 
Veoitage gain, A, 
CMMR 

f 

Slew rate (V/uS) 
IC outline 





gain occurring between the 
input and Output terminals of 
the op-amp, and may be 
expressed in direct terms or in 
terms of dB, Typical figures are 
x100,000, or 100dB. 

2. Zin (input impedance). 
This is the resistive impedance 
looking clirectly into the input 
terminals of the op-amp when 
used open-loop. Typical values 
are 1MO0 for op-amps with 
bipolar input stages, and a 
million Megohms for FET-input 
op-amps. 

3. ZQ (Output impedance). 
This is the resistive output 
impedance of the basic op-amp 
when used open-loop. Values of 
a few hundrecl ohms are typical 
of most op-amps. 

4. 1, (input bias current). The input 
terminals of all op-amps sink or source 
finite currents when biased for linear 
operation. The magnitude of this current is 
denoted by Ib, and is typically a fraction of 


10M 


1kHz output 
waveform 


\- 


Figure 7. Effect of slew-rate [imiting on the output of an op-amp 
fed with a squarewave [nput. 





Figure 8. Parameter and outline details of elght popular ‘single’ op-amp types. 
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JFET op-amps 


a microamp in bipolar op-amps, and a few 
picoamps in FET types. 

5. Vc (supply voltage range). Op-amps 
are usually operated from split (+ve and - 
ve) supply rails, which must be within 
maximum and minimum limits. If voltages 
are too high the op-amp may be damaged, 
and if too low the op-amp will not function 
correctly. Typical limits are +3V to +15V. 

6. V;(max) (input voltage range). Most 
op-amps will only operate correctly if their 
input terminal voltages are below the 
supply line values. Typically, Vi(max) is one 
or two volts less than VS. 

7. Vig (differential input offset voltage). 
Ideally, an op-amp’s output should be zero 
when both inputs are grounded, but in 
practice slight imbalances within the op- 
amp cause it to act as though a small offset 
or bias voltage exists on its inputs under 
this condition. Typically, this Vj, has a value 
of only a few mV, but when this voltage is 
amplified by the gain of the circuit in which 
the op-amp is used it may be sufficient to 
drive the op-amp output well away from 
the ‘zero’ value. Because of this, most op- 
amps have some 
facility for externally 


50kHz output nulling out the 
waveform effects of this offset 
voltage. 
8. CMMR 


(common mode 
rejection ratio). An 
Op-amp produces 
an output 
proportional to the 
difference between 
the signals on its 
two input 
terminals. Ideally, it 
should give zero 
output if identical 
signals are applied 
to both inputs 
simultaneously, i.e., 





Short input 
fo ground 
when nulling 


es 


Figure 9. Typical offset nulling system. 


null (40k) 


in common made. In practice, such signals 
do not entirely cancel out within the op- 
amp, and produce a small output signal. 
The ability of an op-amp to reject common 
mode signals is usually expressed in terms 
of CMMR, i.e., the ratio of the op-amp’s 
























Figure 11. Differential amplifier or 
analogue subtractor. 





gain with differential signals versus the 
gain with common mode signals. CMMR 
values of 90dB are typical of most op- 
amps, 

9. fy (transition frequency). An op-amp 
typically gives a low-frequency voltage gain 
of about 100dB, and in the interest of 
stability its open-loop frequency response 
is internally tallored so that the gain falls 
off at a rate of 6dB/octave (= 20dB/decacle), 
eventually falling to unity (QdB) ata 
transition frequency denoted f;. Figure 6 
shows the typical response curve of the 
type 741 op-amp, which has an fy value of 
1MHz and a low frequency gain of 106cIB. 
Note that, when the op-amp is used in a 
closed loop amplifier circuit, the circuit's 
bandwidth depends on the closed-loop 
gain. Thus, in Figure 6, the circuit has a 
bandwidth of only 1kHz at a gain of 6GOdB, 
or 100kHz at a gain of 20dB. The fy figure 





can thus be used to represent a gain- 
bandwidth product. 

10. Slew rate. As well as being subject to 
normal bandwidth limitations, op-amps are 
also subject to a phenomenon known as 
slew rate limiting, which has the effect of 
limiting the maximum rate of change of 
voltage at the op-amp’s output. Figure 7 
shows the effect that slew-rate limiting can 


have on the output of an op-amp that is fed 


with a squarewave input. Slew rate is 
normally specified in terms of volts per 
microsecond, and values in the range 
IV/mg to 10V/mg are usual with most 
popular types of op-amp. One effect of 
slew rate limiting is to make a yreater 
bandwidth available to small-am plitude 
output signals than to large-amplitucle 
output signals. 


Outs 


Figure 12. Inverting analogue adder or 
audio mixer. 


Practical Op-Amps. 

Practical op-amps are available in a variety 
of types of IC construction (bipolar, 
MOSFET, JFET, etc.), and in a variety of 
types of packaging (plastic DIL, metal-can 






- (V,+V2+V3) x Ri 





TO5, etc.). Some of these packages house 
two or four op-amps, all sharing common 
supply line connections. Figure 8 gives 
parameter and outline details of eight 
popular ‘single’ op-amp types, all of which 
use 8-pin DIL (DIP) packaging. 

The 741 and NES31 are bipolar cypes. 
The 741 is a popular general-purpose op- 
am) featuring internal frequency 
compensation and full overload protection 
on inputs and output. The NE531 is a high- 
performance type with very high slew rate 
capability; an external compensation 
capacitor (lOOpF), wired between pins 6 
ancl 8, is needed for stability, but can be 
reduced to a very low value (1.8pF) to give 
a very wide bandwidth at high gain. 

The CA3130 and CA3140 are MOSFET- 
input type Op-amps that can operate from 
single or dual power supplies, can sense 
inputs down to the negative supply rail 
value, have ultra-high input impedances, 
ancl have outputs that can be strobed. The 
CA3130 has a CMOS output stage, and an 
external compensation capacitor (typically 
47pF) between pins 1 and 8 permits 
adjustment of bandwidth characteristics; 
the CA3140 has a bipolar output stage and 
is internally compensated. 

The LF351, LF411, T1081 and TLO61 JFET 
types can be used as direct replacements 
for the 741 in most applications; the TLO61 


i is a low-power version of the TLO81. 


Offset Nulling. 

All of the above op-amps are 
provided with an offset nulling 
facility, to enable the Output to be set 
to precisely zero with zero input. 
This is usually achieved by wiring a 
10k pot between pins 1 and 5 and 
connecting the pot slider (either 
directly or via a 4k? range-limiting 
resistor) to the negative supply tail 
(pin 4), as shown in Figure 9. In the 
case of the CA3130, a 100k offset 
nulling pot must be used. 


Applications Roundup. 

Operational amplifiers are very versatile 
devices, and can be used in an almost 
infinite variety of linear and switching 
applications. Figures 10 to 22 show a small 


Figure 13. High-pass (a) and low-pass (b) 2nd-ordor active filters. 
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selection of basic ‘applications’ circuits that 
can be used, and which will be looked at in 
greater cletail in the remaining three 
episodes of this ‘Op-Amp’ mini-series. In 
most of these diagrams, the supply line 
connections have been omitted for clarity. 

Figure 10 shows basic ways of using op- 
amps to make fixed-gain inverting or non- 
inverting ac amplifiers. In both cases, the 
gain and the input impedance of the circuit 
can be precisely controlled by suitable 
component value selection. 

Figure 11 shows how to make a 
differential or difference amplifier with a 
gain equal to R2/R1; if Rl and R2 have equal 
values, the circuit acts as an analogue 
subtractor. 

Figure 12 shows the circuit of an 
inverting ‘adder’ or audio mixer; if R1 and 
R2 have equal values, the inverting output 
is equal to the sum of the input voltages. 

Op-amps can be made to act as precision 
active filters by wiring suitable filters into 
their feedback networks. Figure 13 shows 


Figure 16. Adjustable-voltage DC 
power supply. 





; 20 design uses a Wien bridge 


network to generate a good sinewave; 
amplitude stabilisation is obtained via a 
low-current lamp (or thermistor). Figure 
21 is a very useful squarewave generator 
circuit, in which the frequency can be 
controlled via any one of the passive 
component values. The frequency of the 
Figure 22 function generator circuit can 
also be controlled via any one of its passive 
component values, but this particular 
design generates both square and triangle 


Figure 17. Bridge-balancing output waveforms. 


detector/switch. 


dc 
(half-wave) 
output 


Figure 19. Precision half-wave 
ac/de converter. 


Figure 18. Precision half-wave rectifier. 


the basic connections for making 2nd-order 
high-pass and low-pass filters; these circuits 
give roll-offs of 12dB/octave. Next month’s 
episode of this mini-series will show more 
sophisticated versions of these basic 
Circuits. 

Figures 14 to 16 show some useful 
applications of the basic voltage follower or 
unity-gain non-inverting dc amplifier. The 
Figure 14 circuit acts as a supply line 
splitter, and is useful for generating split 
DC supplies from single-ended ones. 
Figure 15 acts as a semi-precision variable 
voltage reference, and Figure 16 shows 
how the output current drive can be 
boosted so that the circuit acts as a variable 
voltage supply. 

Figure 17 shows the basic circuit of a de 
bridge-balancing detector, in which the 
output swings high when the inverting pin 
voltage is above that of the non-inverting 
pin, and vice versa. This circuit can be 
made to function as a precision opto- or 
thermo-switch by replacing one of the 
bridge resistors with an LDR or 
thermistor. 

Figures 18 and 19 show how 
to make precision half-wave 
rectifiers and ac/dc converters. 
These are very useful 
instrumentation circuits. 

Finally, to complete this 
opening episode of this mini- 
series, Figures 20 to 22 show 
some useful waveform 
generator circuits. The Figure 


Figure 20. Wien-bridge sinewave 
generator. 





Squarewave 
output 





Squarewave 
output 


Figure 22. Sine/square function generator. 
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Generating Some Figures 


® : Before we can investigate methods of 
: creating these types of graph, though, we 
: need some suitable figures to plot. Clearly 


the figures could relate to experimental 
~_ Me : 





venerated figures for the following 
mathematical function and then plotted the 
data in various ways: 
_ abs(xy) 
z=-e 10 Gin( (x+y)- cos (xy) ) 











data but for this month’s example | chose a 
mathematical function. Specifically, [ 
oa Pes nS i 
Oye “4 
@®&e¢¢ée?e?od@e@@ ee @ 





In this formula z, the dependant variable, 
is a function of the two independent 
variables x and y, Sa, the methoxl of 
generating the figures is to create an array 
in which each cell represents one 
combination of x and y ancl then, in each 
cell of that array, we calculate z. We're going 
to plot the function from -p 10 +p in steps 
a): of p/20 for both x and y so the array will 
— F Bite. 9 —cobyil have 41 x 41 elements. The top-left hand 

| ? corner of the array is at C6 but we also 


aretes .. As 
RAIS 298651 282743 -2670IS 2.51327 2.35619 -2.1991F 2.06206 1.58496 1.727878 1.5708 -14 7372 a) 
- ae 0 502685 0 937963 1738 0313793 OZR res 0 773862 -1 216078 -5 AGIRGR +1 461445 = -1 29024 DEDI0E2 O57S 005K : need row and column headings to the feft 


xX mi Nei aro Excel - cath i 


1 0.937563 0.742272 0350568 0 149444 OG79775 -1 152892 -1 423239, “4.499291 +t 354246 1007078 «0.9972 0 150099 0.207% | i : : ; 
72949 ee Sine aan Sy. “1. -] SBS - -1 427465} -t. 165618 0776167; 034722 OG 05834 camels ; at the 41x 4] elements of the ray itself 


(for y values) and above the array (for x 
vilues). These are easily generated. For the 
x villues, for example, “=-PIQ” goes into 


sansSee 


Ya) je 


aE 








18 C5, °=C5 + PIQ/20" goes into D6, ancl this 
18; formula is copied right into all rows up to 
a and including AQS. 
z Having got the labels for x ancl y it only 
eal remains to enter the formula for z into 
z cach of the 41 x 41 cells of the array, And 
= uf iM ejaitbesdthtt rach of these formulae must refer to the 
au 0 ora 1 338001 oa 1 273608 eo 11178 sea deena Denes Boe aK Q0si6e0 0 1335 : column ancl row hedclings that contain the 
zi peel dara \cron (ieee i suc {Bees Voor rote eet teed Gece tenet Oa See | appropriate values of x and y respectively. 
H) | L28063T 135305 1.499099 1 GI74TS 1.88GHG | GIGS 1 GAGWT 15AIMS 130509 1.179715 G9R0KSta OGHNE? O35 OOM |: RCT eRe Ter ete, ee a "i 
=. Wa ° DO01QM 1129075 1 SHEDS 1 457I69 1 54x 1.561999 G9 _LSITB2S, 1408177, $.236258 Laue 92 O 7301 0.414069 Seg! llowever el of caution is requit ed here 
stad (A OSS, RES I OTA I wynmeneectWet [Se waeean Eas am. Gp ConiroTOPMNT 1 RA Aa : or things will go badly wrong, Naively, you 
: might assume that we can put the formula 
n its usual guise as a package for i facilities for plotting functions of two "=-EXP(-ABS(C5*B6)/10)* SIN(C5+ B6)- 
husiness-orientec tasks, comparatively variables — specifically contour mapping COS(C3*B6)" into the first cell (CG) anc 
little use is made of Excel’s graph and 3D surtace plotting. © then copy it right and down to populate all 
plotting capabilities. And when the other cells. This will 


graphs are plotted they tend abe give the correct result in 


to be just the bar charts anc Contour Map of z=-e 10 (sin(x+y) S cos(xy) C6, since the x value for 
pie charts which are so | this cell is, indeed, 
common in business for contained in the cell C5 
displaying sales trends, market and the y value is containec! 
share and the like. All our in Bo. However, having 
examples so far have involved! copied the formula to the 
graph plotting buc in three out rest of the array, virtually 
of four cases, these were every other cell will contain 
simple line graphs — the an invalid formula and it 
mainstiy of technical cata wil} become obvious why if 
visualisation — and in the one you try it out. As you copy 
remaining case it was an XY a formula right, Excel 

plot. Bur although a plot of increments the column 
one or more dependent value of any cell references 
variables against an it contains and, as you copy 
independent variable on linear it down, il increments the 
axes is Common, technical row value of any cell 
applications sometimes need references. Normitlly this is 
more sophisticated graphs. In what we want, but not in 
this month's column, we'll this case. Specifically, we 
take a look at some of Excel's want the x value always to 


aarti 
BOS Webs Eee 
5 ia 
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refer to a cell in row 5 and we want the y 
value always to refer to a cell in column B. 
To clo this, we have to employ cell 
references which have a relative column 
value und an absolute row value for x 
whereas for y we need an absolute column 
value and a relative row value. This means 
that the formula which should be entered 
into C6 and copied right and down to the 
rest of the array should actuaily be "=- 
EXP(-ABS(C$5*$B6)/10)*5IN(C$5 + $B6)- 
COS(C$5*SB6)". Note the use of the collar 
signs to Lurn the normally relative column 
or row values into absolute ones. IF you've 
not come across the concept of absolute 
and relative references in Excel you can 
find out more about this important feature 
in Excel’s help. 


Contour and Surface Plots 


Perhaps the most obvious way of plotting a 
function of this sort is as a contour map, In 
fact we can clo better than this — rather 
than having numbered contour lines like 
those on an Ordnance Survey map. we can 
use cifferent colours to represent clifferent 
ranges of z values just as alticudes are 
represented on a Lopographic map. ‘To do 
this. select the whole 41 x 41 array of cells 
with C6 at its cop left and then click on the 
chart wizard. Under “Chart type:” select 
“Surface” and for “Chart sub-type:” pick the 
picture of the coloured contour may) 


AIR 


your 


VIEWS 


Si?; 
In Electronics ancl Beyond issues 141 and 











149 you had articles hy Mike Holmes on 
valve power amplifiers, these incorporated 
“Current Generators”. Would it be possible 
to obtain the information on how to 
calculate the values to enable them to work 
at different currents, ] would appreciate any 
information you have on these interesting 
circuits, 

Regards Peter Rush 


which, in Excel! 97, is che bottom left of the 
four sub-chart types shown. I won’t guide 
you through all the remaining options 
since they're much the same as with the 
21D graphs we've alreacly looked ac and, 
after all, che best way to Jearn is just to try 
things Out. 

An alternative way of representing chis 
data graphically is as a 3D surface ploc. 
Now, racher than looking down on che 
terrain represented by the function, we see 
itin 3D with high z 
villues appearing as hills 
or mountains and low z 
values as valleys or 
plains. Once again, 
colour coding is used 
but you can turn this olf 
if you want, or you can 
change the colours to 
match more closely 
those which tend to he 
used in Lopographic 
maps. In fact, this is what 
| did in my workbook. 
The 3D surface plot is generated ina very 
similar manner to the contour map — tic 
only fundamental difference is that you 
should select the picture of the coloured 
3D surface plot (top left in Excel 97) as the 
sub-chart type. 

Presented here is a screen shot of the 
pertinent portion of the workbook, a close- 
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Mike Holmes replies: 
Hello Pete; 

Basically this is nothing more mysterious 
than Ohm’s law. If the Vbe (voltage drop 
across base-emitter junction) of the low 
power transistor that controls the base of 
the main transistor is O.7V¥ Gpproximately!), 
then you only divide this hy the current 
you want. 

In other words: 0.7 /1 = ohms, where I 
E.g. if you wanted 88mA, it 
‘0.088 = 7.95 ohms. This is a 

non-standard value of course so you will 


is in amperes. 
would be 0.7 , 


need to make up this resistance by 
: combining resistors in series and/or 
parallel. 

Finding the values lor resistors to be put 
in parallel can be done with reciprocal 
calculations, ie. the nearest standard value 
for the above is 8.2 ohm, & this can he 
used if another resistor is put in parallel 
with it. The reciprocal of 8.2 is: 1 /8.2 = 
0.122 (rounded). The final value required 
being 1 / 7.95 = 0.1258 (rounded), 
Subtracting 0.122 from this gives 0.0038; 
the reciprocal af which is 1 / 0.0038 = 263 
ohms. so you could use the nearest 
standard resistor value of 270 ohms, ie. 4.2 


& 270 in parallel. (Or alternatively, 2 x 3.9 
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up of the 3D surface plot in the workbook, 
and the contour map alone. You'll notice 
that this graph doesn't look exactly the 
same as in the sercen shot — this is hecause 
I'cl imported it 10 u separate drawing 
package for tidying up as I described in a 
previous article in this series. One thing | 
had to change was the labelling of the x- 
axes since Excel’s automatic labelling isn’t 
always particularly logical. It might have 
been possible to persuade Excel to 
produce something 
more acceptable but, in 
my opinion, it’s far 
-asier, and certainly 
more flexible. to do this 
sort Of thing outside 
Excel. Note also that I've 
made an effort to format 
the workbook so that 
it’s easy to react and 
have included! some 
explanation as to what iL 
does. This is important if 
you want co share it with 
others or even to understand it yourself at 
a later stage and was the topic | discussed 
in last month's column, Also, don’t forget 
that you can download this, and all the 
other Excel workbooks used as examples in 
this series, from our Website at 
<www.electronicsandbeyond. com> 
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Ohms jn series!) 

Incidentally | have since upgraded this 
biasing methoct to use instead a 1.7812 CP 
12V constant voleage regulator chip 
(diagrim below). The principle for 
determining the current flow by resistance 
is exactly the same, the only difference 
being that the constant voltage is here 12V 
instead of 0.7V This drawing is fron my 
web page http: //www.mce- 

h. demon. co.uk/kt88bias2. htm] 


Cathode bias 
constant current 
generator {class 

AB1 working) 


KT88 
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We got the power! 

It seems incredible as we tuck into the 21st 
century, but the physical property we know 
as ‘superconductivity’ was discuvercd way 
back in 1911, by the Dutch physicist H. 
Kamerlingh Onnes. At least he won a Nobel 
Prize in 1913 for his efforts. To recap. 
superconductivity is the characteristic of 
certain materials ta concuct electricity with 
no resistance ancl no losses, when cooled 
to extremelyJow temperatures. Kamerlingh 
Onnes discovered that the electrical 
resistance of mercury disappeared when 
the metal was cooled down to 4K (-452°R4 
269Celcius). Superconductivity depends on 
three interdependent properties. The first 
ib the ‘critical temperature’, which is 
clefinec| as the maximum temperature 
below which a superconductor shows 
superconductivity at zero magnetic field 
and current. The seconct is the ‘critical 
curren’, or the maximum current below 
which a superconductor demonstrates 
superconcuctivity at a given temperature 
and magnetic field. The critical current is 


Flexible Support Tube <= 


Figure 2. Component view of ‘warm-dielectric’ 


superconductor cable. 





defined by means of an electric field or 
resistivity (i.e., 1 wV/cm). Finally, we have 
the ‘critical magnetic field’, which specifies 
the miximum magnetic held below which a 
superconductor shows superconcductivily at 
zero current and temperature, Figure | 
shows how the three are inter-relatetl. 
There has been significant research into 
superconductivity since this initial 
discovery, because there are obvious 
electrical engineering advantages. One can 
imagine electrically-powered public 
transport systems where energy wastage is 
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Figure 1. The interrelationship between critical current, 
critical temperature and critical magnetic field. 
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reduced consicterably, Another obvious 
contender is power distribution, which 
would be made vastly more efficient if 
superconductors were to be called into 
effect. Annually, megawatts of power are 
lost over the 13,891 km of power 


transmission lines operated by 
the National Grid company. 
It’s much the same story 
elsewhere around the world, 
With natural energy resources 
chvindling, cutting down those 
lasses makes a lot of sense. 
Superconductivity was only 
completely described in 1957, 
thanks to research conducted 
hy J. Bardeen, LN. Cooper 
and J.R. Schrieffer. The 
importance of their work was 
recognise! in 1972, when they 
reccived a Nobel Prize Much 
research was subsequently 
devoted into investigating 
materials that would exhibit 
superconductivity at higher 
temperatures. The practical 


implication is that less expensive cooling 
systems are required, K.A. Muller and 
).G.Bednorz won the Nobel Prize in 1987 
for discoveries made the previous year, 
Also in 1987, PChu ancl M.Kuev Wu 
discovered a new ceramic Compouncl 
YBs7CuzO--x. This material allowed 
cooling temperatures to be increased from 
4Kelvin to 77Kelvin. ‘Today, high- 
temperature superconductors (HTSs) chat 
exhibit superconductivity at temperatures 
ranging from 20K (-423°F) to 130K (-225°F) 
are available. 

Pirelli is a company best known for its 
tyres. The company also happens to be a 
major player in the power transmission 
cable market, and its products are supplied 


Matrix 


Ag or Ag alloy 


Figure 3. Construction of tape based around BSCO2223 HSC material 
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MVA superconducting cable based around 
; these tapes. The cable could be retrofitted 
: to existing ducts with a diameter of 8 


we seams : = In 1995, Pirelli - together with the 
: California-based Electric Power Research 
Stainless Steel Sheet : Institute and US Department of Energy - 


worked to develop this cable design into a 
working prototype. The temperatures 
involved are still extremely low (a few tens 
of K), and for this reason the ceramic 
superconductor is surrounded by a liquid 
nitrogen coolant. 
The cable in 
question was a 
‘warn-dielectric’ 
type, shown in 
Figure 2. Here, only 
the HTS conductor 
assembly is enclosed 
ina cryogenic 
environment. An 
electrical insulation is 
applied over the 
flexible ‘cryostat’, 
which encloses the 
superconducting 
core and coolant. In 
addition to the 


Ag/BSCCO.2223 Composite Tape 


Figure 4. Construction of BSCO2223 HSC material. 





to the National Grid amongst others, The 
discovery of HTSs prompted Pirelli to start 
its own HTS research programme with the 
eventual aim of conimercially exploiting 
them as Jossless power transmission lines. 
There were three phases, the first of which 
was to educate a new generation of 
researchers and engineers in the 
investigation of HTSs. They would then be 
encouraged to develop technolovies for 
incorporating them into practical wires. 
Emphasis was given to the development 
and manufacturing of HTS ‘tapes’ that 
could stranded using machinery clerived 
from that used for conventional cables. 
These tapes must be manufactured in long 


ASC R&D Results 


Jo (kon * at77 K, saif field) 
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0 
continuous lengths, and possess the 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 required cryogenics, 
mechanical and electrical characteristics to | Year the partnership) also 


worked on suitable 
joints and 
terminations. Similar 


withstand cabling operations. In 1994, the 
second phase of the programme began. 
Pirelli completed the clesign of a 115kV, 400 


Figure 5. How American Superconductor Corporation's 
research has Improved critical current density over time. 
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Figure 6. Construction of YBCO HSC. 





development programmes with electrical 
utilities in Europe (notably France and 
Italy) were instigated, so that HTS cable 
designs specific to their needs could be 
developed. In 1998, the third phase began. 
This centred around setting up the first 
‘real world!’ HTS field trial in the US. A 
three-phase HTS system, currently being 
installed in Detroit Edison’s electrical grid, 
is planned to start operation by the 
summer. 

In this trial, a single three-phase cable 
circuit will replace three paralle] sets of 
conventional three-phase cable. 
Superconductors can be thinner than 
conventional cables, on account of their 
lossless nature. Set against this, of course, is 
Figure 7. Could conventional overhead 


cables be on their way out? 
Photo courtesy Natlanal Grid Company 
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Figure 8. Checking conventional overhead 


cables. This job won't be as easy if 


they’re buried underground! 
Photo courtosy Natlonal Grid Company 


Thickness 0.305 (+/-0.02mm) 
Width 4.1 (+/-0.2mm) 
ic* > 100A 

Je* >8kA/cm2 
Jc* >37kA/cem2 

Max Stress (@77K) >300MPa 
>265MPa 

Max Strain** >0.4% 


Min. Bend Dia. ** < 70mm 


Max Stress 


Ic = critical current, or the maximum 
current below which a 


superconductor exhibits 
superconductivity at a given 
temperature and magnetic fieid 


= Engineering critical current 
density, or the ratio between 
critical Current and tape cross- 
section 


= critical current density, or the 
ratio between critical current 
and superconductor cross- 
section 


*at 77K ** With 95% Ic Retention 


Table 1. BSCCCO-2223 specifications 


all that cryogenic plant! Pirelli have 
developed two HTS materials. The first, 
BSCCO-2224, was developed in 
conjunction with the American 
Superconductor Corporation (ASC). It 
consists Of HTS elements made up from a 
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Figure 9. One cannot deny that 
underground Installation of power 
transmission plant doesn’t have its 
advantages in areas of natural beauty. 


Photo courtesy Natlonal Grid Company 

composite structure, where the 
superconcluctor filaments are embedded in 
a metallic matrix - refer to Figure 3. Power 
distribution cables need to be mechanically 
robust, ancl so tapes produced from 
BSCCO-2223 are reinforced by a thin layer 
of staintess steel on both sides of the HTS 
element as shown in Figure 4. Over time, 
research has improved the critical current 
density, or the ratio between critical current 
and superconductor cross-sectional area - 
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refer to Figure 5. Development of the 
seconc material, YBCO, was started in 1999 
- again in conjunction with ASC. YBCO, 
shown in Figure 6, is a ‘coatecl conductor’ - 
a tibbon-shaped wire, made by depositing 
thin films of intermediate materials (such 
as cubic zirconia) on ribbons of metals, 
followed by deposition of a thick (> 1m) 
superconducting layer. 

A disaclvantage of the current Pirelli HT'S 
cables is that they’re designed for laying in 
stable ducts or ‘pipes’. It’s unlikely that 
they'll withstand the forces that overhead 
cables - strung from pylon to pylon - have to 
sustain. The major stress points would be 
the pylon-mounted moorings at either end 
of the cable. Then there's the practical 
upshot of getting the coolant up there. 
Unless the technology is developed further, 
this leaves the power distribution industry in 
a bit of a clilemma. The obvious place to tay 


pipes would be underground, but digging 
up the lanciscape is an extremely expensive 
process. Then there are the practical 
upshots. It might be difficult to obtain 
permission to lay these cables along the 
most logical route - and underground cables 
run the risk of being accidentally severed! 
Here in the LK, major power clistribution 
cables - notably the cross-country 132kV 
ones that link rural power stations to urban 
substations - are overhead, obviously for 
ease of maintenance and speecl/relative 
cheapness installation. Effectively, this 
section of the network would have to be 
completely replaced. Although the switch to 
underground cables would undoubtedly 











Figure 12. Applying the mylar insulation over the cryostat during cable manufacture. 
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Figure 10. Compare the underground 
installation with the rather ugly pylons 
shown here. Nevertherless, overhead 
cables are the cheapest way of 


distributing power across land. 
Photo courtesy National Grid Company 








Figure 11. A length of finished 
superconductor power transmission 
cable, undergoing test. 


make the kindscape prettier, the costs would 
be astronomical. Would the privatised 
electricity industry be prepared to takes 
such steps? Although the increased 
efficiency - and elimination of some step: 
upvdown transformers - would undoubtedly 
save money, the payback times would run 
into thousands of vears! The cables alone 
aren't cheap. Pirell?’s YBCO coated- 
conductor tapes have a projected cost of 
around $5/kKA/m. 
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ACE front panel, showing the wide variety of controls 





2. Video variety 

J frequently get to Lest various items of AV 
gadgetry for consumer electronics, but it’s 
‘are that [ actualiy choose to buy any of 
them. The 4300 ACE (Advanced Converter 
Enhancer) video processor from small 
Ipswich-basecdl GTH Electronics proved to be 
an exception, however. This digital video 
processor is packed to the gunnels with all 
kincls of features that will appeal to 
moviemakers, home cinema enthusiasts and 
anybody who wants to make decent copies 
of tapes. It’s not much to look at, having a 
cdlefinite home-constructor appearance with 
its Verobox-type enclosure and functioniully- 
designed front panel label. it's well made, 
though - inside, you'll find decent-quality 
components znd glass-fibre PCBs. Where 
DIL ICs are specified, GTH has mounted 
them in sockets. The unit is powered by a 
OV 500m<A AC source, courtesy of a rather 





hefty transformer unit built into a mains 
plug. Round the back is a comprehensive 
bank of input and output sockets, inclucling 
4-pin mini-DIN connectors for S-video, 
phonos for composite video and audio, and 
a Scart socket that can be configured) lo 
work in various ways. A real-panel switch 
allows you to specify whether your video 
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wi 
The well-connected ACE rear panel. 





source is Composite or S-video, The 
processed outpul is available in several 
formats (composite, S-video and/or RGB or 
ever YUV), 

All of the ACEF’s features ire controlled by 
a sizeable quantity of knobs and push- 
buttons on the front panel. The mosc 
important feature is undoubtedly full 
standarcls-conversion benween PAL (SOHz, 
or the GOHz variety generated by some 
VCRs when playing NTSC tapes), SECAM, 
ancl both 3.58MHz and 4.43MHz ‘flavours’ 
of NFSC. The feature can be very useful if 
you want lo swap tapes with overseas video 
enthusiasts, watch NTSC DVDs or laserdiscs 
on older TVs, or record foreign TV 


Figure 13. Pirelli’s first pilot line circa 1996, 
dedicated to HTS conductor ‘stranding’ 


programmes from satellite TV Combine the 
ACE with a multi-standiud VCR (Thomsen 
doa good £400 one with hi-fi sound and a 
stereo tuner) and you've got a pretty- 
Hexible worldwide video solution. Note thal 
the input standard is selected! automaticalls; 
but ’ve had no problems here. Four 
buttons allow the output format to be 
selected. Tvo on the left select the colour 
standard (NTSC. PAL or SECAM), while the 
pair on the right selects the refresh rate (50 
or 60Hz) and NTSC/PAL colour subcarrier 
frequency (3.58MH? or 4.43MHz). Although 
some other domestic-urade standards 
converters are available. none of the ones I 
know of will convert to SECAM! Although 
one or two have a SECAM inpul, they will 
only convert to PAL or NTSC. 

Standards conversion works by digitising 
the ¥ U and ¥ components of cach field and 
storing them in a high-speed memory. It’s 
then read out al the clesired field rate, which 
is generally 501 Iz lor PAL or SECAM, ancl 
60Hz for NISC. At the sume time, scanning 
lines are removed (when going from 625 ta 
i 325 lines) or added (when going from 525 
i lines to 625 lines). The processes involvect 
here ire rather complex, to prevent the 
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aspect nitio from being screwed up. Adding 
lines in particular is rather difficult, and mast 
converters employ an interpolation process 
to fill in those missing lines. The converted 
¥, U and ¥V components are then 
recombined. Professional standards 
converters offer various tricks to reduce 
motion ‘judcder’, which can be rather 
noticeable if scenes containing fast motion 
are converted. A common trick is predictive 
compensation, which borrows heavily from 
work carried out on MPEG video 
compression systems. The ACE cloesn’t have 
such tricks - after all, it costs £300 against the 
#£10,000-plus of broadcast-standarel 
converters. That said, results are excellent - 
the ACE delivers the best pictures of any 
consumer-level standards converter | have 
seen, including a Taiwanese one that sells for 
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twice the price and misses out on mast of 
the ACE’s features. Pictures are crisp, and 
miss out on colour bleed. Note that the ACE 
has 8Mb of field memory, against the 2 or 4 
of competing units. As a result. it will cope 
with a full-resolution frame without the neecl 
for compression. 

Note that ifthe output standard is 
selected to match that of the input, the 
ACI will act as it timebase corrector. Such 
devices are very useful if you're trying to 
make stable copies from worn tapes that 
exhibit obvious drop-outs, As in uclled 
bonus, ic will also clefeat the Macrovision 
copy-protection, which is good news if 
you want to make a ‘back-up’ of a 
damaged pre-recorded tape. Another 
very useful feature for ‘copyists’ is the 
colour shift control. This modifies the 
horizontal position of the calour 
relative to the brightness, and it’s 
thus possible to bring the nvo back 
into registration with cach other 
and thus avoid colour ‘bleed’. It’s 
provided to correct multiple- 
generation copies, where 
displacement between the 
chroma ancl luminance signals 
isnt uncommon, Owing to 
poor equalisation of the signal 
delays encountered in the VCR's 
signal processing paths. You also get 
vertical colour-shift correction. This was 
added to compensate for some modern 
VCRs, which apparently introduce such 
errors! 

Also on offer are colour correction (there 
are separate rec, green und blue level 
controls) for compensuting cameorder 
white balance errors, video adjustments 
(contrast, brightness, colour saturationshue 
and sharpness controls) and a video/audio 
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fader that can be operated manually, or 
automatically over an adjustable period. 
You can also invert the video signal, which 
can be useful if you want to get negatives 
onto video with your camcorder ancl an 
appropriate light source. The ACE also 
offers some ‘standarc’ test patierns. In 
addition to EBU-standard colour bars, vou 
get ‘rec’ and ‘blue’ purity screens. These 
are useful for checking the purity of TV 
screens, and assessing whether they need 
degaussing. They're also very good for 
(roughly) assessing the chroma signal-to- 
noise ratio of a VCR. Note that these signals 
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Track side of ACE PCB, showing surface- 
mounted Philips video ADC and DAC chips. 


are available in any ‘I’'V standarcl, making 
the ACE ideal for assessing anc configuring 
multi-standard colour decoders. 

The rear-mountecl Scart socket provides 
additional composite/S-video outputs, ancl 
can also he switchecl 10 cleliver additional 
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Inside the ACE video processor. The Xilink DSP chip can be seen towards the middle of the 
picture - the four 2 megabit RAM chips are Immediately to the left of this device. 


GF> ELECTRONICS AND BEYOND March 2001 














vay 
; 


RGB or YUV (component) video outputs. 
The ACE can thus be usecl as a multi- 
standard colour decoder lor PAL-only ‘'V 
sets with a RGB Scart input (cheaper than 
replacing older rear-projection TVs, f 
suppose!), The YUV output can clrive some 
new projection monitors ancl plasma 
screens, and has obvious interest to 
anybody who wants to transfer S-VHS 
footige to broadcast-spec (e.g., Betacam) 
recorders. Once again, the picture quality ts 
superb (note that a digital comb filter 
ensures a crisp picture with no fuzzy 
eclges). Supplied with the unit is a 4-pin 
mini-DIN to twin phono aclaptor- 
cable, which allows the ACE to drive 


Ds “4 as « . . H 
“2% two composite video outputs in the 
ara Su ¥ 


appropriate mocle. As a result, the 
ACE can act as a clistribution 
) amplifier capable of feeding up to 4 
24 VCRs or monitors. 
Inside the ACK, alt of the circuitry 
\\__ is on two neatly-clesigned PCBs. 
\ The first is the main board, which 
. a contains most of the circuitry, 
~~ controls and socketry. The 
second board, which is 
%® © mounted on the front panel, 
ie Me contains an extra row of 
_ controls. On the underside 
of the main PCB are the surface- 
mounted video ADC and DAC, 
which are sourced from Philips. Both 
of these chips are commonly encountered 
on video capture cards, of the type used for 
PC-based non-linear video editing. According 
to GTH, these chips - which have an 
exceptionally-fine lead-pitch - were carefully 
hanc-soldered to the board. As the photos 
show, an excellent job was done. There’s 
hope then for the rest of us, who are forced 
to use surface-mounted components 
because their through-hole equivalents 
simply do not exist! On the component side 
of the board is a (socketed) Xilinx 80MHz 
DSP which has been programmed to provide 
many of the more complex video features. 
The controls ancl operation of the unit are 
looked after by a PIC. In all, the ACE isa 
fabulous piece of equipment - and proof that 
a small and innovative company is capable of 
heating the major corporations at their own 
game! 
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Further reading 
Pirelli superconductors 
wew. pirelli.com 

GTH ACE 

www. .gthelectronics.com 
Phone: 01473 625547 


Martin Pipe welcomes comments and 
ideas. E-nrvail him at: 
<mart in@webshop. demon.co.uk> 


Or look out for him online! His [CQ ID 
is: 15482544 


Simple ideas 
come in the most 


unusual places... 


Let us know your ideas for electronics | 
and you could see them in print. 


Fame leads to fortune! 
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a Pe: ¢ High voltage programming (Vpp) 


ST7 Starter Kit - 42/56 pin 

e ST7 Flash, OTP & EPROM 
development environment. 

e Supports 42/56 pin devices. 

e Programming IDE, Professional Assembler, 
Full function editor 

e In-circuit Simulation, Application Builder 


STK200+ 
e Simple In Circuit Emulation, single step and run to 
breakpoint. 
e Supports ALL AVR products including 8-pin, 20-pin, & 
40-pin devices except MEGA range 
The STK200+ is an ideal design platform for taking your 
AVR design from conception to realisation. 
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AVR ISP Super 
e The Perfect Production Programmer for 
AVR Flash devices. 
e Super Fast ISP via your USB port. 
e Connect up to 127 programmers from one PC. 
e Autodetection of new devices DLLs for 
embedding into your own software 





Palm Eraser 


_ | PAUWERASES) The Palm-Erase is the perfect Solution for the 


Viarvdl-ttats UV Thos 


tech on the go. Erase EPROMs from24 to 40 pins 
in 5 minutes or less. 

Dimensions: 2” by 4” by 2” 

UV elements: one, 


FPGA Training System 
e Interactive VHDL Tutorial on CD-ROM 
e Onboard hardware peripherals 

e Expansion socket for extra user 

e Programming Software 

e “Get going with FPGA” book on CD-ROM 

e Including latest generation FPGA (AT40K20) 
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Shooter III 
e Portable, battery powered. 

e Hand-held Programmer/Copier 

e Small, fast, easy to use and economical 
e Optional PC connection 
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